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The Federal 'goverranenfe has discontinued the use of ' 
Ringlemann Number in Federal new source performance 
standards and based -the' determination of the optical- 
density, or opacity of visible emissions from stationary 
sources, "sxJlely on opacity. Many State, regulations /have 
.not made this change and continue 'to operate ui^d/r a 
dual system in ^hich the Ringlemann Number is used in ^ ^ 
the evaluation of black or gray emissions and Equivalent 
Opacity is used in. the ^valuation of all other visible 
emissions. ^ ' \ 

Thi^ manu£fl is designed to serve as wide an audi^rice' as 
possible andCso continues to refer to both the Ringlemann 
Number and Equ:^valent Opacity. methods of evaluation-. 
If Opacity is now the only type of visible emission « • 
•regulation In youf State-, please make the proper adjust- 
ments .in ^he manual curriculum to reflect this regula- 
tion. If Ringlemann and Equivalent Opacity are current- 
ly viable ih your State, your t?rainees should at least 
be aware of the Federal regulation. A copy of the 
current Method 9 as -published in the Federal Register 
is included in' the Ust%pages of th? Student Manual for 
this course. * . 

' Battelle-Columbus Laboratories is cre({ited for moat of ' 
^the material in this raanualN Under contract with EPA; 
they prepared a training package. Because much- time V 
has Mapsad sinee completion of their contract, and. due p 
to many changes lin regulati^ons and techniques, EPA 
has found it appropriate to modify. the training package 
prepared by Bat telle. 

Course directors should conduct' their training activities 
in accordance with the .^propriate parts of "Guidelines 
. for Development of a Quality Assurance Program: ' ■ 

Volume IX - Visual Determination of Opacity Emissions 
from Stationary Sources, V EF^-650/A;74-Q05i,USEPA, 

Washington, D, 'C. , November 1975. 
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PART 1 INSTRUCTOR MANUAL 



INTRODUCTION AND PURPOSE 
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Thds Instructor Manual has been prepared to aid in- / 
structors charg^ed with conducting a. visible emrssions" 
training and testing prograny for the nevi smok^ reader 
and'fpr'the 'smoke reader that needs to be r^cer tif'i^d . 
^'The aim of^this program is to train a\r/ pollution 
Inspectors I in the skill of measuring the jshade of visible 
eo^issions Ibjr^eye.^ For t;he new smoke reader, thls^ 
program wfll require an initial course of three days' ' 
duration.' These three days, include one, and one-half 
days of classrodm' instruction followed by flel^ session^ 
devoted^ to lett;ing*the student practice the determination 
of cQrrect shades of black and white smoke producedl 
• by a smoke-generating device. The criterion against* ^ <^ 
which the student is graded is a measurement made by an* 
optical system in the generator's smoke stack. 'The out- 
door ^sessions are conducted in a fashl^on so that the^ 
§tudent i^ repeatedly tested on his ability to correctly 
mQ^sure the shade of the smoke. When he has achieved 
a skill which meets the specif ieH requirements, he is 
qualified as a smoke^eader. It Is expected .that with 
each repeated trial ^:he\vstudjBnt/,will be pe'^;•fec tin^ his 
ski^ until he «an pass\he test. The number of 
repetitions allowed the jstudent in his effort at pass 
is up to the Instructor. It has been found in past 
courses that ttwo-thiirds of the* s^ydents can usually meet 
the standard after eight series of 25 black and 25 
white shades. After additidtial trials a higher percentage 
of the students can be expeQted to qualify. 

» 

For the previously certi^iiecf^ smoke reader that needs to 
be recertified, the. program iS: set, up so he can enter the 
course on the second day, at i^onJ According to EPA 
Metliod 9, the inspector will tequallfy every 6 months or 
more frequently if a particular; agency so desires* During 
the morolng ojW'the second day,; the requalif icaCifcen class-*- 
room sessions^can be devoted to review of one of the ^ 
topics introduced in the inspector's initial training, 
..It is not imperative that the inspector attend all of 
* these morning sessions on the second day in order td 
be recertified but he should at'l^lLoast try (jo* jatt^iid the 
sessions on the emission genera.t^V Just prior to thf 
session on reading visible Gmisffions.v Following this, ' 
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the inspector will have at least a day and a half / 
• outside to reqiiallfy. There should also be a period 
duri^ig which the inspectors can discuss with the 
instructors , the agency heads, and each other the problems 
that have come up in their enforcement duties or to.be 
briefed abdut any special topics such^as regulation 
chaiiges or agency policies. 

\ ; - ' ' . " . . ( 

The instructor Manual, the Instructor Lesson Plans, and 
the visual aids ,in the Student Manual c;onstitute a train- 
ing package that an a'&ency can use to give the Evaluation 
of Visible Emlssipifts ..Course. . The only other requirements 
. are a smoke generator, a classroom, and visual aid equip- 
ment. However, one or more of the members of the in- 
structional .staff should have taken a, course similar to . 
this one and be qualified as svfoke inspectors. 

With repeated -'sessions the instructor will become more 
familiar with the mater^ial pr&sented here and should 
take upon himself the.t&sk of adapting and improving the 
course content and the course preparation with tTie aim 
of better training his own staff in 'the duties that are 
unique to the locality where they work. He will 
emphasize tlje' souroes and t^pes^ of emissions found in 
his state or locality and disregard the other types 
that are no tv found th^fe. He wiU gather information • 
and visual aids that are applicable to these local 
'sources. He wilf gb/into detail about the .regulations 
of his»city, county, )or State. He will obtain as gueSt - 
instructors' local exi^rts^in the topics c'overed in the 
' course.' , " * 



It ha*s been found in presentation of the 3-day course 
that more lecture outlines jire provided in >this manual 
than'can be covered in a day and a half of lectures. The 
extr-ia lecture ootllnes thfet^efore allow the,coUrse director 
the option 06 cutting out portions' of lectures or entire 
lectures to better tailor the course to the fteeds of 
his agency. ^For Instance, if no coal is burned in your 
area, the Coal Combustion lecture can ,l^e dropped . How^ 
ever, if thfe sampla agenda shV)wn -in the appendix is 
followed, ail eLept olie,of the lecture outlin^ will be 
utilized. The qi\i?-zTe^ and course examination (S^e 
Appendix) are basWi on the assumption that all lectui^es . 
are presented. IfVn lectures are not presented in a 
vgiven course, examinatiofi questions relating to the 
omitted 'material should not be counted in grading the 
exams. .* . < 

Quizzes or .less important .lectures can be ellml^at^ - 
from the^agenda during . the presentation of t'he coui^e if 
it is found that some topics, have run longer than aritic^ 



patecl.^ The" oxLra iDuterial can be held in reserve hy 
the instriirtor for preacntatlon In case bad weather>' 
prevents the outdoors portion ot the class from proceed- 
ing as scheduled. . ... . * . 



This manual Js Intended, for use by instructors to teach 
students that have not been certified as a qualifiedo 
o^server. The condentja of this manual will help the 
instructor to provic^ the qualified observer with 
adequate background .knowledge needed to help substantiate 
any violatloji^hat he may record, . ^ 



At .the conclusion of 
able to; * \: 
1 . 





course the student should be 



Visually m^a-sure (i.e., without the use of devices') 
the shade or opacwlty of visible air pollution 
emissions for a set of 25 shades of white^smoke and 
25 shades of black smoke: 

a) With an average error not 'to exceed 7.5 

percent opacity in each category; 
h) With an error not to exceed 1 5^ percent' opac ity 

(nr 3?^4 of Ringelmann Number) t)n any one 

reading in each category* 
Define Rinpelmann Number and .Equivalent Opacit/^ln 
the following manner: 

a) The Ringelmann Number gives shades of gray by 
which the density of columns of smoke rising 
from some source may T)e compared. It is a .* 
system whereby graduated^ shades of gray, ■ 
varying by . five equal steps between white and 
black, may be accurately reproduced hy nigans 
-^f\a rectangular grill or by black lines of 
definite wfdth and , spacing * on a white back- 
/ jj^t-ound. ^ 

'h\ liqu i va lent Opacfty is ^an extension of the 

Ringelmann Chart method of quantifying visible 
emissions* The opacity or degree to which 
a non-black or gray plume obscures- an 
otfs^rver's view is related to the extent to 
which a black or gray plume of a particular 
Ringelmann Number obscures an observer's • 
view*' . For example a Ringelmann Number 2 
plume is equivalent to a plume having 40 
percent opacity . The U. S. EPA Federal 
regulations for visible emissions standards 
c(^nsider only the use of opacity and does 
not' link opacity standard^^ with Ringelmann, 
Vist the fnllowing essf»nt:i/rl conditions for 
coV.rectly \*vj hinting the plume: 

a) kcH'p^ the sun in the 140 senator at your back. 

b) Try i;^) htjve a contrasting background/' 
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c) ReadlngH ^hould be taken at approximately 

- rlghtj^- ang to. the plume direction and at 
/ an^ d.lstance to obtain a cleqr view of the 
\ ^ ' emissions. 

d) Readings should be m^de through the^most dense 
part of the- plume' and in that portton of - the 

V/ ^ ^lume whefe condensed i/ater vapor is not 
presetit^ 

9) When ofeservitig emissions from rectangular 

outlets/ readings should , be at'-apprpximately 
, a right 'angle' to th^^ ^.onger axis-'of the outlet , 
f ) • 'The observer shall not look cbn<inuou5?ly at ^ 
* ' the plume, but instead shall observe the ^ 
plume momentarily at IS-second intervals. ^ 
Xist the following essential items^ to be recordq^' 
on the training, form: 

a) . N|^e^ ; . ^ d) . Wind speed ' 

b) ©ate e) Wind direction, 

c) Time f) Sky Condition ^ 
and properly fill out these items for his field 
recording foimi. 

List at least four of the following techtVlques . 
(even though not, generally in use) for measuring . 
visible emission without the aid of references: 

a) Smoke Guide d) 'Smokescope 

b) Umbrascope - e) Smoke tintometer- 

c) Photo-^electric 
cell 

pif f erentiate between the plumes emitted from 
combustion processes dnd i/hdustirlal processes. r 
Identify c^ndensied vater vapor plumes and brea'k%, 
paint. ' - 

Make application of iWs ^knowledge of meteorology fn 
the following manner: , ^ 

^a'>^ Estimate wind speeds from 0 - 18 mph using 
the Beaufort Scale;* 

b) Define \nnd dirc^^jl^^ and estimate wind 
direction; ' ^ 

c) Estimate sky conditipn (percentage of cloud 
cover) ; • ^ ^ * 

d) • List the distinguishing characteristics of 
< ' high and low pressure areas; 

e) Identify on a weather map-^irhe .syp\bols^ foi* the 
^ following.: high pre^sure-^^^rea, ^)ow pr^essure 

'area, cold front, warm front, ocC^uludt^d . ' 
J front, st/Ulpnary^ front; 
{) lABt at* least two points of in^formatlon qb- » 
««fealned from a weather map which the smoke^ 
inspector could' find useful in planning his 
actlvit ies. 
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10. 

11. 



Tostlj^y in Court as an effeivLlve oxpert witness 
concerning visible emlssj-pn observations.. To dcMnon- 
slrato his capablilfey ho should bo alvlc'lo: 

a) Identify 8 of the !!0 criteria for belii^; ajv^ 
ex-fJert witness; ' ^ \ ■ 

h) List 5 9B)f the 8 rules for behavior on the . 

witness stand ; * ' 

c) " Cite 'the lej^tel Frrecedi-*s set In the California* 

'appeal cases concerning vlj^lble emission reg- 

ulatvt'ons. 

State -the essential elements of h^ls local or state 
visible emlss'loh cocje. ^ * * 

List the prltwary components bf the emission gen- 
erator: ^ 

^) J[ Combustion ch ambe r for gonern^tlng black' snff)ke; 

b) ^ ^;enerat:or\s exhaust manifold for w(|ilte smoke; 

c) Transmlsspm elcr ; ^ ^ . ^ 

d) Auxiliary blowe r; 

* e) Recorder or Indicator^ , 



REQUIRED FACT LIT 1 1'^ 
AND EQUIPMI^T 



N 



The chief requirement for the presentatlo.n of this 
training course? Is a device for the production and^ 
measurement of ^shades of tfack and white smoke. \An 
Instrument for this purpose can be constructed by 
the air pollution control agency staff or Its contractors 
or, as Is generally done, Itt'can be purchased. As of 
November 1977, ^Environmental , Industries, P. 0.. Box 44I», 
Cary, N. C. 27511 (Tel 919-467-1500) Is the only known 
manufacturer of smoke generators. 

Suggestions for locAtlng the smoke generator are given In 
Part II section of this manual. Its sl**e should not be 
''too far from the classroom whe.l-^ the Indoor portlonfJf 
vthe coursre will be presented irtiless arrangements for 
ur^insportatlon dre provided. A. building near the gen- 
erator site should be avall^ible Ip case a change In 
weather drives the studeftits and Instructor Inside. 
• ' * 

The. size of the required classroom will be determined by 
tTie sl^e ^of the expected class. The classroom should 
he c ipable of being darkened for the showing of movies 
and slides: It ghould have electclc outlets wlrlch are 
conve'Sle^it for attac'hlng the cordR from the various 
projectors or extension cords tliat will reach from n)! 
outlet to the pr'bjector. > 
•*» 

Equipment for the room should 'Include a sc'^reen on which, 
to irrojefM the movlcf^and si i()(»s, auxiliary tabled for 
supporting t\\iL\ projectors, a blackboard Includltig cMialk 
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CLASSROOM EQUIPMENT 



. and ^erat^er, and a lectern or tao^e on which the Instructor 
can place his notes and demon^^tratlon materials. Thero 
. '-should be another tabl^ at^ the rear of. tAie room or in an 
adjacent room for ,the Instructors to use In storing 
materials, grading examinations, etc. 

The visual aids suggested for this coujrse Include .motion 
pictures and^35 mm (2" x 2") transpar.ent .slides. The' 
lotigest movie ("Th4 Role of the Witness") that is 
suggested for possible presentation requires a 1600 foot 
take-up feel, whicK may take a special effort to obtain, 
yOther movies suggested as alternatives or supplements Vto 
.lectures can be run on the reel normally furnished with 
projectors; A list of suppliers for materials is^ 
provided in the Appendix. * \ 

In place of the prescribed fuel oil lectures, the agency 
can. request a prepared film ''strip entitled "Combustion \ 
Testing." (See lesson plan //4 and the 11^ of sources 
of course materials in the Appendix.) For .presentation ^ 
✓ this requires' a Aape recorder' which will play at. 3-3/4 
inches \>ev second And a film strip^projector . 
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Desks or chairs and tables for the students 
Lectern or table for the speaker * ^ 
Table for the instructors ^t rear of the classroom 
One ar two tables (preferably on -wheels) for holding 
the projection equipment ' 
Blackboard, chalk, and egraser " , . , 

Extension cord \^ * 

Screen for showifig slict^s and movies ( \ 

16 mm movie projector with tape-up reel to hold 
1600 feet of film and norinal size / 
.35 mm (2" x 2") slide projector (e.g., carousel • 
projector), f)referably with a. cord for remote , 
operati^. ^ 

Overhead (vu-graph) projector vfor showing large 
transparent figures (optional) 
Pointer ' \ 

Tape Recorder — 3^3/4 Jnches per second — and film 
strip projector (optional, dependiijg upon Combustion 
^of Fuel Oil lecture) 
Rlngplmann Chart (Available from th« U. S. Bureau 
of M:j/hes) ^ , 

Rocommonded, btit not esstMttial : USPHS Smoke Guide 
Umbrascope,j Smokescope, Smoke tintometer,, 
' Mlcroringelmann Charts 
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To pr^esLMit the full course tt is recoftnnendod that ,at 
least three speakefi? used. For a reqwal if Icatlon 
course one instructor may be capable of , hnnclling the - 
clat5sr(^^m portion. ' If the two courses aro pre,sente*d 
concurrently, -three instructors wbuld lecture to tlie^ 
new ^students on the first day; then on the moVning of the 
second day, two 'would stay with the new"st«dents. The 
third inntru^or would conduct i:he classroom portion of*^ 
the review tralYiing for the inspectors who were goings Lo 
take their reqinhlifytng test/ Jn the af ternoonf both 
groups would go outside for f aiuiliariza^i'on and testing 
runs with the sniok»e generator. 

Thus, a group of three instructors* who can each give" 
severat^^ctures Is the desirable staff for the continuln'fe 
training and requalifying of inspector* as 'smok^ readers, 
although two people could possibly g^ by with some 
detriment :to course quality. To Tna^ke, thh\ course more\ 
int/eresting and give it variety, the person in ch^tge . 
could arrange to . hav(^guest lecturers «peak on selected 
topics in the, course. He;can*gi^e the(s^ guests the 
material in the Student" Manual and in the Instructot^, 
Lesson Plans as guides to what they should- cover, but 
tollj. them to ejcpand on any topic which is likely ,to be 
of particular interest to the students, . / "/ ^ * 

Potential candidates for guest lecturers a^e* attorneys 
who are with the Prosector's Office or who have a 
special interest In alr'^pol lution, representative.^ of 
fuel oil o^ coal d Ist-rJ bu tors , engineers or-nn^inaf^ers 
from local industrial firms, and staff members of tliQ • 
local National Wc^ather Service^ Jvtatlon. The represen- 
tatives from Industry or fuel distributors will probably 
not 1)'^ in complete agreement with the aims and .policies 
of the al.r pollution agency with rt^spect to the visible 
^emlsf^ions regulations. However, it Ijas been found in 
past cour^lpi^-that^ controversial speakers are oftAi more 
interesting. At any rate, all'of these speakers — lawyers, 
fuel dlstVibutors, indUs^try representativtis , and meteor- 
ologist s — h^ive Information and experience whiclv is hejiie- 
flciai to'^e student-inspect'or , Kncqunpge questions 
from tlie class for all spealcei|s^ The b/change helps 
both the student and the lecturer, '4!L^ ^ 
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•Afways' thank tlie guentyl.ecturer and give him /i round of 
nppVnuse. lU tlie conifvletion of the (»o\irse ©end liim.a 
thank you ryre. ' Traveling expenses'' <^r an hrtnorarluji). are 
toi)i(*s that sh(^M 1 d l)(> dlMc^issed willi the gu(*st whei» you 
l irst appr'oach him. huime iuduMlrl/M and f.ovc^riuiieul n f 
represent atlvt\^i^ wi Li riecline and *ciinrge off expons(^»^ [m 
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FRECOURSE PLANNING 
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COURSE LENGTHS 



The age^ncy instructional staft should haVe several 
talents. Someone should be able to operate (and repair 
if necessary) the projection equipment, especially the' 
movie projerctotv. Somfeone must know how to operate^and 
maintain the smoke generator. It has been found In the ; 
nast that a* man familiar with electrical equipment and 
the checking of electrical ciVcuits is invaluable. • ^ 

' ' ■ ■ ^ ■ (f 

YoM should make your plans for*j^resentation ^^f the 
course at least a month before the date^ of the course. 
The Iqcal preparations will Include: 

Scheduling classroom faciflties * * 

Arranging t'f or visual aid equipment , ' 

• Obtaining Tguest lecturers 

• Givingf staff and guest lectujers copies of the 
instructional, guides and visual aids they will need 

^in prepaicing their lect^ires 

• • Sending Qut announcemfents tf^ the prospective 
students , '"^'^ , * 

• Checking gver the smoke generator for proper ^ 
o^ration. ^ . • r ^ 

It is assumed that prior to this final month of prep- ,^ 
aration^ Y»u have bn hand or hav e made arrangements for; 

a) .A smoke generator - 

b) Instructional materials, manuals, visual aids^ etc., 
for u^e by student© and instrjijctors. 

The new inspector or the inspector qualifying as a . 
smoke reader for the first time should be given the f«ll 
l,ecture and fiel'd course lasting at»ilea.st three days— ■ 
one and a^half days of classroom 'lectures and qne and 
a half d^ys of familiarization and qualification runs/^ , 
The lecture portionof the course should be reduced to" 
one-half 4ay for inspectoJJs who are requallfying. 

One and a half days of familiarization and -qualifying 
runs is a minimum figures To ensure that a high 
percentage of the students become trained well enough 
to meet the smoke reader requirements, another wfT^-half 
^ to one day may be added to th« field portion of^he ^ ^' 
'course. After a full day^ of trying to qualify, the v 
student becomes fatigued and tense. He will probably -"'^^ 
do better after*S night^ri rest-. This additional tltne / 
also allows for bad weather or for -smoke genera tdi: 
malfunction. ' , 



.A f(|jll acMie^ule of one and o«)e-half dayB of classroom 
lect\ir^swias been given for the suggested co'urBe agenda 
in this manual. This full schedule gives an ov^r supply 



jQNDUaT OF A , 
THREE-DAY COURSE 



CLASSROOM LECTURE 

Instruc^oc L.essg n^ 
Plans » 



tif mattrial. Thus, some niiiy bo el Imlnated ^or the extra 
4^atf2rlal' ni(iy be presented when Inclement weather keeps 
'the clartt4 inside during the time they are* schedul ed for 

outsixie work. . • T 



for the inspectors who are requa 1 i f ying' ats^ three-mpnth 
to one-year intervals '(usually six months, in accordance 
with EPA Method 9), the cour-se .dire'ctor can plan for 
their reqyalif icat ion to coincide with the secpnd and 
tt^d "days of a course for 'new inspectors. Oft their 
first-morning the requalifiers shouW.be given a ref^she 
cgurse on one topic from the first course, 'i'here shou^-d 
also be an open discussion among , the, inspectors and ^ 
instructor 'for 30 minuteg to am hour dealing with the* 
inspector's experiences,' .problems, or complaints. 



The refresher of review topics can be rotated among the 

followino portions of. the- full c(^urse: | 

a) Conroustipn of coal and oij.; ' C .' .-V 

■ as- o f 



Conimistipn of coal and olJ.; 
Other combustion and nop-combustlon sol 
visible plumes; ^ 

Legal aspects of air po/llutlon and local re^jlnf Ions 
Meteorology. * ' • . . ^ . ^ 

In presxinting these review topics t^ie instructor should 
• try to e9vet more of. the ^sub jecL Chan he did xin hl3 ; 
■ lejcture for the initial , course. ^ \ 
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Thfe .principal guide #o p4frten ting each lecture is the 
ftistructor Lesson Plan (ILP) . 'Tliia ILP's are included 
in the Appendix of this Manual. . With the- exception of 
the first ILP, "Registration and Opening Remarks,'' fill 
of the»e guide's are based on Sections of Pai»t I irf the 
Student's Manual. Aftet; studying the Student ' s ^^nual , 
the in.^tructor stTould be able to \ise the ILP as a guide 
for lectures. The 35 nUn slides to be used in a lecture 
are tistc'd i;i' the right-hand' column of the 1I,P in the 
pPslLlon where these are to be usfed. Comments are 
Inclj/ded fop select&c^saides. IF the ' Instruc tor wnrif ^i 
tvTobtain more information than is given in Part I of% 
tire Student's Mmiual , he -can refer to the rending list 
at the end of each Key Point ' sec t ion in Part 1. 



I 
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yhe instructor should fiot feel that he must follow the 
Introduction, Outline, and Conclusions as given in the 
ILt^. Mowever, whether-he does or'not, he should keep 
in mitui th^ lecture objectives ^nd the/fexamination 
questions when he decides what topics to cover. 



Final Preparationsir - 



Course Ojpenlng 



•The'course director should make last-day checks of the 
classtoom to see that all the manuals, handouts, and 
other course materials are ready. He mfly put them on ^ 
the students' desks the' day before the course or 
distribute fhem th^first thing 'in t\ie marning. 

The director should checjc to see that he has adequate 
seating f acilitie* -for his ^expected class and that the - 
room can be darkened for showing movies or slides. He 
should be familiar with ttte operation of all light 
, switches that he may need. 

All the equipment for showing movies, 35 ^ slides,j and 
vu-g?aph transparencies should be in ^he fclassroom ^and 
preferably mounted on tables or roiLling c^rts so ti^me 
will not be taken setting up this equipment during the 
course. Plug in this equipment ahe^d o'f time to 
discover if the cords will rfcach to the nearest socfket . 
or whether extensijbn cords will be needed. 

. .. .» . 

If- microphones are going to be used, they stjould be »| 
checked out. before „the course. In a classroom' situation 
there is, sometimes a tendency for the teacher, if he has 
a portable \icrophone, to ^et in fro/t of /the loud 
speaker causing feedback. The loud' speaker should be 
placed in a position avoid this. < ^ *, 

For> some of the lectOres a blackboard is necessary. 
single portable blackboard,* 4 -to 5. feet long, should be 
adequate. Providit chalk and an eraser. Lecture^'pads 
can be substituted in small classes. 

A copy (Jf the Smoke School Training Form is provided in 
the Appendix of this manual. . This can be removed for 
duplication if the instructor desires tc) make overhead 
transparencies (vu-graph^ or have multiple copies 
printed for use\iri the Cou^s^ ■' ^ 

Always open the'course by welcoming the students, telling 
them your own name and the naije of th*e course. ^You can 
Int-roduce the other Instructors at this tlme^, or when 
''they lecture, or both. 
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Official JMelcQtne and 
Course Objectives ? 



For your own records you should*have a list of the 
•students attending the courise, t!^elr affiliations ,< and 
their addresses. You should, type, up a student name and 
' address list In ^Iprhabetical order and distribi;^ it 
V before the enJ^f the course. You can use this for 
^mailing out certifica^s; maintaining B record of which 
•of your inspectors are\due for requallf icatlon,( etc 

You" should arrange to have a shott 15 ^r 20 minute break 
every mdrning and afternoofi and have coffee available. 
A short "stretch 'in .place" at hourly intervals is also 

' In your opening remarks bv at the, end of; the morning 
session, suggest to th^ studentV^a few convenient places 
■for eat-ing lunch. Some agencies try to arrange -for the 
students rfnd instructors to e^t lunch (and sometimes 
supper) ^tfogether. ^his is' commendable for it add^.to . 
the informality, of tfie course and gives the studefits more 
time to acquire new information frV instructors or other, 
students,. • ■ i • 



Time Schedule 



1^ 



If the Head of -yonr agency wants to give a few remarks ' 
,and welcome the students, you can allot NseVeral minutes ^ 
'of your course opening to him. 

▼ _ ■ . 

At some point in your course opening, before you launch 
i-nto the leQtures, you should go , over wlth^ the elaSft^tbe 
course objectiv^es l,fst*.d' earlier ±p 'this Manual. ' 

.. N 

try to keep the course going on Its proper time schedule. 
Somo discussion is eiicouraged, but the -'students who dre 
not di-ectly involved 'may be quite bored if the qXiestions 
and comm^^nfs continue too long after the lecture. Iheir 
favorite ^topic may be the next one on the agenda. 

The ins^tructor may. alsp find himself engaged in conversa- 
tion at the end ofja "break" period when he is due .to 
Kive 'fhe next lecture. Hera it is helpful to -have two 
instructors so that the other one can intei:rupd the 
conversation to get the course goingxagain. 

Quest lecturers (and also staff lecturers) some^Ws^talk 
SLger than their assigned ^tlme . The spe.aker should be 
n?tlfi6.d prior to 1 ecturlng^ that he should adhere to the 
assigned .lecture ■feime. Without embarrassing him, a > , 
gesture, fihniild be made that -h^' has gone beyond his 
asslgped" time.' , . • ' 
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Films 



. The. Staff instructor. should make an effort. to rehearse 
his- lecture and check the time. He can Identify portions 
that can b'e left oyt If he Is running too lotlg.• 
The material for both the Combustion of Coal ,and the 
• ^Noncombustiloq Emissions lectures Is more .than sufficient 
to us^ up the allotted tlNne. The lejcturers In these 
two topics should cover only .the portions that they 
^ belieyef^re mo^t pertinent. Some subtopics, such as 
'"•^WteT-Vapor and^wet plumes, are covered in more than 
bne lecture.. The course dtrector cVn eliminate thlNp 
» duplication 'if he wants to cut down on the course time. • 
The Basic Meteorology and the Meteorological Fajcttors *•» 
Smoke Reading lectures can be combined Into a 40-45 
minute lecture. * • . 

. Two \^m& movies are^^scheduled as part of thl^ agenda: 
"The 3 T'^S of Xlombustlon," whlcb lasts abotif: 30 minute^ 
and "The Role of a Witness," which lasts about 45 
^ ' minutes. * These are both sound movies and can be shown 

- ^ by normal 16 mm movie pr<oj(tet'ors. "The Role of a 

■ Witness" requires a 1600 foot tak6-up reel., which is 
larger than usual, so you shpjjld/^heck" to see that you 
have this size reel^efore the cour,se begins, j 

Both of these movies are very good and .apprbp/iate to the 
course. The only reason for not showing them might bf >. 
if all the students ha^we seen them several times. ./ 

"The Role of a Witness" l^as two breaks In the action 
where the screen goes' dark for a few seconds. Some *^ 
lawyers who have lectured in this, course use these 
places to stop the film an<i ^ake a few remarks about the 
proceedings. 

f Two additional Audiovisual packages have been used 

occasionally in the VislTple Emissions course. (One is 
a film covering basic meteorology^ approximately 20' 
\ \' minutes long, that can be substituted for a part of 

thfe basic meteorology lecture (Lesson Plan 11).' Instead t ^ 
of .conducting the Combustion of Fuel Oil lecture as ; 
outliiied in Instructor Lesson Plan^4, you, may prefer to. 
use the film strip entitled Combustion Testing. This 
narrated film strip'^asts 45 m|;t>ute«. "S^u must have a 



* ("3 t's of Coihbustion" - Lesson Plan 3; "Role of the « 
Witness", Lesson Plan 13.) * * . 



.tape recorder .ot^ playback unit tliat will play at a 
speed compatible with the f ilm V^PJ tor and an 
ajnpllfier sufficient ^or your cla-ss size, Thei film 
strip itself requil::-es a special 'proj ector andean operator 
to advance the f|lm,at an' audible signal on the tape 
recording. If you have itot operated a film strip , 
project6r previously, you should /mal^ a t^ial ru« before 



the course.^ 




Film, slide, and filmstrip' suppliers, are listed ii* the - 
Appendix (vSoyrces of jbourse Materials). Wliile pr^course 
planning cannot be overemphasized, it is extremely 
important In audiovisual presentations where a number 
of components or varia<a4.es must* f unctd?6n properly, ^ 

It is suggestedTthat you plan to give'each Student 
taking the course for the first time a copy of- Uie 
Ring alrhann Char tVnd, at your option, a copy of» eiyt^he^ a 
PlUbrico Smoke Chart or Power's Microringelmann Chart. 

The official Ringelmann Chart is published by the' 
Bureau of Mines of United Sta teg Department of the 

Interior as part of Its Informatl6n Circular 8333 . 
'Copie§ of the chart rtiay be' obtaine-d fre^ f.rcm.the 
Publi^^ations Distribution B-rancri,| bureau of Mines, A800 
Forbes' Avenue , Pi t^t s^gh, Pennsyl'^fania 152'13. ' ^ 

The two small hand-held Vingelmatin aids arj^ mentioned » 
in lesson numbeT:"9 (^n the Ringelwann Chart/^nd Equivalent 
Opacity. -<l'hese charts are available fvom^ 

'C . , Tom Berry ^ 

J 1800 Kingsbury Street • 
Chicago^ Illinois 6061A 
* ^ Tel. (312) 5A9-J01A 

^Cost: No Charge 

Power Magazine 

McGraw-Wll Publishing Co., Inc. 
■ Power Reprint Dept. 

1221 Avfenue of the Americas 
;/ ' • New York, j^lew^T^ ' 10036 

• ^ Tel (212) 9977679A 

Cost: ■ $0.75 per copy 

Although the use' # this is qptionai, it may not be 
needed since ,EPA atid severa'l state regulations arc 
^iBtated In opacity only and, omit any reference to the 
Ringelmfiinn Chart. * , ^ 
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Quizzes" and Examination - , : . 

The suggested course agenda calls for three quizzes and 
, ' an examlnatlon> A passing graSe on these tests Is not 
• require^ for cjuailf Ibatlon as a smoke: reader. * ^ 

) - . 1 
The wr^ltten tests^are to be used to help the student* learn 
■ the material presented In the lectures and %±v^ the In- 
./ striictor clue^ as to how learning Is progressing. To ' 
' best accomplish these objectives, the inptructpr should 
go over the answers to the quizzes and examination in 
class and discuss those answers which the students' do 
not understand or with which they disagree.. 

.Copils of Quiz Quiz* III, the final examination, and 
the answers to these tests are giuei* 'in the Appendix. 
The quizzes should take only 5 to- ^7 minutes to complete ^ 
and 5 to 7 minutes to discuss. It is suggested that the 
final examination be given to the student on the second 
afternoon of the course to use as a "take-home" exam. 
It can be discussed the first thing in the morning on the 
thii^d day. Tf <>ou want to check Qjfa how the students are 
doing, you c^n collect the examihations, grade them and^ 
hand them back on the third day before discussing them. 
Students, attending for rlecertlflcj^tion are not required 
V > t:6 take the examinations. » , 

.■^ \ 

Quiz i covers combustion principles and the combustion 
of co^i and oil. Quiz II Is an Identification of sourc^ 
. types.' The *qul2 Included in the Appendix is an example." 
^ The Instrudtbr should pick out ten S.5 nii slides of 

different sources of major interest/in the -home area of 
^ the students. These are to be projected on a screen with 
the students asked to write down the correct answers. 
♦ Quiz III povers meteorology. The final examination has 

been made up from the material InPart I of the" Student 
Manual and covers items from the entire course. 

As part of th^, Qualification Procedures lecture, Instructof^ 
lesson plan lb provides an Exercise in Recording for Qual- 
ification. " This insists of ttn 35 mm slides,, five show- 
ing shades of black stnoke and five slewing white plumes 
(The same slides us^d in Quiz II). The student 'is sup- r 
posed to put down' on a mod(ified graining form as shown in 
slide no. 1 his evalucltlon \)f the plume, check It against 
the instructor's' estimate of shade and then determine^ 
the deviations awd average deviation. This mamial should^ 
contain one of these'^f orms , or just use the reftilar 
smoke school training form. 
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OUTDOOR SMOKE READING 
QtlALlFICATION PORTION 



The primary objective ©f this couiji^e is to qualify or 
requ^fy the students as Expert girtpke readers, l^ot 
only should the student meet a standard set of require- 
■ifi^nts ftrp-^qualif ication, but he should also believe 
that these re^juirUents 'are sufficiently difficult and 
tiiat 't\\e smoke generator calibration and measurement 
system against which he is'- tested $ives accurate and" 
objective readings. 

.1 

It is the duty of the ins-tructo'r to j train tljie student in 
proper smoke reading techniques, to; give the^.student 
sufficient -practice time to^fine |iis reading abilities, 
"to require ^ high standard of«perf opjiance from the 
student, and to maintain the smoke ^^nerator • and 
tjpnsmissometer so that the smoke shades produced ^re > 
accurate. ' s, 



'Pyecourse Preparation 



It is important that the. smoke generator l|e operated and 
checked out far enough, in ady^ttce of the course to allow 
time for major repairs (perhajjs 2 weeks) and" again one 
or </^b" days, before the qourse begins. The preferred- 
agendak^call's^for the QpeipStion of, the generator dOTing 
the la^ houif of %^e first day of the course. A previous 
checkout would assure good operation ^and increase the 
student's faith in the ,.3moke generator. 



l^v 
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Especially with mobile stnoke genetatdts, there are 
numerous difficulties that caij arise ^ng to the v 
vibration of the parts of the generator during, transit-^ 
It'^is always embarrassing for the instructor and frus- 
trating for the student wheH» major adjustments or repairs 
must be made on the generator at the time when the outdoor 
readings are supposed to commence. With experience the 
instructional staff will learn the problems that may 
ari^ with, the 'generator and' how to correct them. Ifowever, 
it is best 'to set aside spme time before the course 
logins 'for checkinf'the operation of the generator, 
fome of the points that should be checked «.nclude the 

foll,owing: ^ 

a) Sufficient fuel in the fuel- tanks or in reserve: , 

Toluene - 5 gallons^ (Formerly bertzene was used but | 
this material has been placed on the toxic substances 
list), n fuel„oiL- 5 gallons, Gasoline - 2 gallons. - 
Different shades of -black and white smoke can be 
produced by Jthe combustion systems. 
Exhaust fans in transmisspmeter pipe are running. 
Induced draft fan is operating. r ', 

Horn is operating 

Light, source in transmissonjeter is operafing. 



b) 

c) 
d) 
e) 
f) 
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• g) I The transmissorteter readout system' should be ^ 
^ calibrated before eachf course using neutral density 
filters having a noralTial opacity of 20, 50,, and 75 ^ 
percent. The^^zero'and l60 percent opaci.ty qondi- 
^ tions ^e also calil)tat^ed. Check that these cali- 
bration points Will remain stationary by running 
through several shades returning to the zero and 
• 0^ 100% npihts duritxg the procedure (refer to EPA 
Methbff 9 for full ^planation of calibration/ 
* procjeduresX. \^ ^ ■ 

h) The smoke shade readings of the transmissometer 
seem reasonable when compared with the actual 
shades as judged by an 'expert smoke^ reader (the 
instructor) . 

i) No electrical connections are loos^ or broken. A. 
^ vacuum tube voltmeter would .be a good device to 

have ?or this check. 

j) The" smoke plume UlU be relatively unafifected by 
doWnwash frdm buildiivgs, :trees, etc. 

k) Contrasting" backgrounds for the smoke are ax/'ailable 
in several viewing directions from 'the smoke 
generator or with a minimum of moving of the 
generator. > 

—In' addition to the generator checks, the instructor 
should verify that hp has a sufficient supply of training., 
forms (copy in the Appendix) for the students to make 
their reading© during the tests. The students should be 

-requested^to bring*-their own clip boards, but the course 
director may 'have some extra available* for those that 
don't have them. 

The instructo^r should also determine from a map where 
the direction of north is from his generator site. This 
will be necessary for the student when he makes his wind ' 
direction observations. . 



Training and Testing !' 

Proce dures • j ^^ 
""^ Explanation of Emission Generator Operation . 



After the 
ite the in- 
generator 



Students have moved to the smoke generator sj 
structor should review the operation of the j 
and point out the^/dlfferent parts. ; | 

. * . ^Xwe peculiarities of the smoke-generating. sjj^stem should 
'be understood by the instructor so that h6f /can be * . 

' forewarned in planning his testing procedures. First, 

, « >^ the gasoline engine for producing white smbke makes 

' • " considerable noise. It is /eslrablfe to shut of f the 

\ ,^ , engine when 'you are talkln^'to the d^las^./ It can easily 

r be restarted'. Second, th^ fire in the i?qinbustion 

\. chamber that produced black smoke takes several minutes 



5^ > 



ERIC V . y , ^ 



to burn-out af{er the fuel supply isi tui;ned o^f . IJ—ia^ 

standard practice to run the white ^nd then ^he hjack 

•test series. The fuel supply to the combustion chamber 

can be cut off so that the fire will burn out dur.ing, ' ; - 

the time when the correct ?eadings are being announced. 

• - ■ ' ■ > ^ . v' . 

■ ■ , ». - 

After explaining the' generator operation have the 
studen4:s station themselves at any distance necessary to 
obtain a cVear view of the generator and start the 
familiariz*ation runs. »* 

. Familiarization Runs ., In familiari?ing>the student with 
the smoke shades you should take one color at a time.. 
Run up and down the shade scale announcing the correct 
reading to the class v You may prefer to s6und the horn 
to train them that the»reading is to be made at this 
time." ■ ■ ; \ ■■ .• ' . ' 

There are S^nerally some student questions as to whether 
the sounding of the horn has some effect on the plume- _ 
shade. There are times when they see, or believe th^y 
see, a change in a-shade just 'af ter the horn sounds. 
There is no reason- why the horn should affect the plume 
shade. At mofet its drain on the electrical power might 
affect the it:tansmissometer reading. .You should be able 
to see any change of this type on the Indicator dial or 
irecorder. • " ' ' f 

Another recurring question concerns the time for the 
smoke to travel from the 'transmissometer ^ where it is 
measured, to the top of the stack, where the student ; 
sees it. This time^ is less , than 0.5 second. If the 
student looks up at the top of the stack when the horn 
sounds, he should be observing the smoke. that passed the 
transmissometer when the instructor pushed -the horn - 
button. Of course, the instructor . should strive to blow 
- the hgrn only* when the traiiimissejiieter reading is steady. 
He should also hold the horn button down for a. second. 

After two or three runs up and dovm the scale , give the 
students several practice tests of 5 or 10 shades each 
■ during whiqh they mark their readings on a portion of 
the training form and then check them against the correct 
reading as*announced by the instructor at the conclusion 
o^the prac;4ice test. 

At the completion of theise short -practice tests, switch 
to the other smoke color and repeat the same procedure. 

Next, run through a complete practiQe run of 25 white 
shades and 25 black shades. ' Give ihe torrect readings 
to the class at the completion of the entire |et of . 
50 shades. V ' ' ' 
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, ' . Sugaestl^ons to the Generator Operator > In a serljes^of 

I' . i.. smoke shadies for either the familiarization or qu^!^J^lf ylng 

, ^ runs you should try to cover the entire scale with most 

' emphasis on the Shad.esV just abdNfe or just below the 

^ ' legal limit. < ' 

During the course of the training and tesjting readings, 
. one of the :^nstructors who is a qudlifeled smoke reader 

^.JU should "Join the students in making observations. In 

this way». he can notice, and later describe to the 
students any 'prevailijag-^onditions which mig^t ^a^e 
. • . " influenced their recorded "bbservations. ^ • „" 

Qualification Run§ . After completing ^the practice runs^ 
most of the remainder of the course is devoted to con- 
ducting series of runs for qualificatlorf of the students. 
Each pun consistd'of 25 different white and 25 different 
^ black'plumes. Each qualification run of 25 should have 
a number such as'l-W or 1-B. A complete qualification 
series would consist of th(p combination of run 1-W and 
run I-B. The train ing forms are^ designed so that the 
student's readings, the transmissometer readings, the 
y - deviations', the calcOlations, and the supplementary 

• identification Information are all included on a single 

. ' sheet of paper. ; 

' A studfetft wjfll complete a qaalif icatidft series success-- 
fully when he has made the'.50 rieadings; and" has: 
^) . An average error not to ex6ee4 '7.5% opacl^ty in each 
category. All readings, ev6n If the Ringelmann 
standard Is still In force, should -be given In 
percent. 

h) No error to exceed 15^ opacity (or 3/4 of a *: 
Rlngelmann number) on any one treading in each 
category*; (That Is, on any run a single' reading 
• • 'thatUs incorf€ctf by .one whole Ringelmann number or 

. more or ,26% opacity - or more disqualifies the student 

^ ' .. from that series.) • ^ 

■ * ' ■ • ■ " . y ■ ■' ■ 

^ . Th.e student cannot us'e a successful white smoke run from 
' . one series (e.g., 1-W) with a successful black smoke 

• ■ run from another series <e.g. ,3-B). They must be in 

♦succession. * ' ^ 

■ '■■ ■ ' , ' r 

. • » > 

<y' ' , ' Once the student has a run in which he has fulfilled the ^ 

. ' maximym deviation requirement (part b above), ^ he should 

^ calculate hia average deviation. If this is also within 

the limit, he should fill out 'the remainder of h;ls trairi- 
'ing fornf,an(|^glve it to'the instructou for the files. 
Theae, training forms' are kept by the' air pollution control 
agency as a record of the number of expert smoke readers 
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on. their 8,taff and •the time when rhe ln«pector mutst 
reqjjalify. They can also be preSeiited In court as veri- 
fication of the'^ifixpert smoke reader's quallf Ic^itions. 

AfJt^er th'e observer has redd 25 white anfj 25 black plumes, 
the Instructor reads the .correct values to the students 
so thfi^^ they 'may ^compare tlVe correct readings with their 
ovm observations/ The students sh<5u^d make two copies 
^of their readings by using a carb<5n paper. They should 
Qiand in the original sheet beforfe^' the correct readings 
ate giveii put. They check the c 
it to the iBStruQ/tpr i.£ they havf 



arbon, 'Copy and tHen hand 
qualified, 



TrainlnR FoVms > ^The forms for recWding the readings 
may be of'several designs. Onp con|yenlent .design is 
presented in tha Appendix. 

• \ ' • • » 

Prac'tice in Continuous Evaluation of Plumes . When the 

expert smoke reader is operating in^the fieltl he will 

l5e observing ^lanisslons continuously and making rea^dlngs 

at 15~second -intervals, in order to detemjilne., how many 

minutiBS out of an hour the emissions are in excess of a 

specified shade. To give the student practice in this 

observing procedure two parts of the' field portion of the 

course have been designated for c''ontlijUQus evaluation — 

one for white smoke and onh for blacky These exercises 

are optional with the instructor and can ^be excluded if 

time is short. , ' f. ' - 

% • ' 

If' the c^ntlnuj3us evaluatioa sessions are used, the 
instructor should run the* generator on one color of 
stm)ke for either 15 or 30 minutes, varying the shade at 
intervals during the session. At 15--second Intervals 
the' horu should be^blown and the reading recorded. At 
the end of the Interval each student must decide, whether 
the smoke generator was in violation of^^ the locat^ 
regulation and compare his read^ings with those of tlje 
transmisSometer . The student can be provided with a. 

._yislble emission observation form bh shown in the 
Appendix or the aget\cy conducting the coi^rse can use 

'thieir own form. 
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Opera tlon^ln Irfclement Weathe r " . - • 

I ^ It has been found th^t operation of • the smoke generator 

, . during rain subjects the operators to shocks "from the 
electrical system. It is recommended that outside 
training and testing sessions not? be conducted in the 

rain. t ■ 

' / .... 

0 Extremely strong winds cduse rapid dilution of the plume 

■ and dovm-draft conditions in the lee of the stack. 

Students fifid it almost impossible to qualify under these 
• . conditions. If th6'„wind is cold, there is the additional 

* problem of discomfort. If the winds are not too strong, , 
It may be possible to move the generator to a location 
±n the lee of a building wher6 plume, students, ,and 
instructor are all protected from the elements. 
Otherwise it is better to discontinue outside operations.. 

s 

If Inclement weather forces the cancellation of' part of 
the outdoor, portion of the cfourfle, the class can be taken 

♦ t. InslSe. At this time some of the extra mateirlals ^ 
movies can be presented^. 

In case the weather forecast appears' unpromising for the 
afternoon .of the second day, but not for the morning, 
the Indoor and outdoor portions of the class may be >, 
switched. 



' STUDENT COURSE 
EVALUATION 



It Is helpful to the instructional staff to obtain som^fe 
feedback from the students regarding >l;e course and Its 
prftsentftlon. You should alwaVs be trylhg to Improve 
the course; many, good suggestions can come from the 
students. One means of doing this is to give the 
studehts a cpurse evaluation form on which t(hey can. 
answer pertinent \uept ions about the course content and 
instructor's presentation. Do not take their criticisms 
as a personal affront but ^accept them as helpful 
suggestions. 

You are f^ee to devise any evaluation form that will • 
give you the comments that will help you. A copy of a 
sample course evaluation form is included in the 
Appendix. 



LECTURE PREPARATION 
AND REHEARSAL ' 

Preparation » . 



TH^ Instructor* Lesson Plans are designed to't losely 
follow the material presented In Part 1 of the ^tudent 
Manual. Use Part I as your principal reference flnd 
consult Part IT and the other suggested" readings for 
addition^ information, 
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Try to keep your lecture material up-to-dqto by revlewr 
Ing .new source^ of Inl'ormat Ion for their coverage of 
topics that are part of this course. Maintain a^ 
complete library of appropriate publications and 
guidelines published by the Federal air polliltlon agency. 
Re(yle^ the articles In the Journal of the Alr\Pol lutlon 
Control Association. Keep Informed about the ^current 
visible emissions regulations. 



In preparing- for giving \ lecture rhe firsi time, the 
Instructor should go over the lustructor^esson Plan 
and the visual aids* that cart be' used^with the lecture. 
He 'should plan to rehearse ^h^s lecture aloud at least 
once, checking the time and content. : If you need to cut 
the' le.cture shorter or expand it or chflJige the content, 
you should revise the Instructor Lesson Plan and gb 
through another rehearsal. Some pplntpirs on rehearsing 
and deliver Ing. "your lecture follow. • . 

Your rehearsal will -serve t/o purposes: (1) to check 
you/ terminology to be sut>/ It fits the audience^s 
* vocabulary and (2) to^tlm^ yourserl^. 

To check content: You'll want to consider how^much the 
^audience knows about the topic pd,^^^ile you rehearse, 
jot down any word^ you us^ that you^O^nk the audience 
mlghj not know. You shouJiH define th*e words for them 
in your lecture... 

To 'time yourself,* present each part (jf the lecture 
(Introduction, body, conclusion) and watch the clock. 
Write down the number of minutes fot each part wri|.e 
the time on the outline Itself so youUl have it later^ 

:S the actual lecture situation as 

^ ^ ^ get yourself a clock, a pencil, and 

a lectern if you'll be uplng one at the lecture hall. 
Set -up all your presentation aids. And you'll need to - 
TALK OUT LOUD and use gestures-^on' t let your aids ^stand 
Idle, either. 

Rule 4. READ. the introduction. (You will not 

want to read It during presentation ' . 
unless y6ur mind goes blank.) 
HfcJe 2. TALK the body of the lecture. 
RiSe 3. PRESENT all aids. 
' Rule A. REM) the conclusion. (You will nol 

, want to read it during the presentation 
unlciss your mind goes blanks.) 
Rule 5. WIUTE DOWN ttlTe time. ^ 
Now cletir your throat, conquer the- butterflies, STAJjl) 
UP, and, reiiearse ALOUD. ' ' ^ ' 
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Since you must Imltat 
clqsely as* possible. 
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The training and testing of smoke observers requires 
the upe of a device for generating black and non-black 
smoke and for controlling., the opacity of this smoke. 
The U. S. .Environmental Protection Agency has published 
specifications for smoke generators as part of 
"Method 9 - Visual Determination of* the Opdclty of 
Emission^ from Stationary Sources" (40 CFR Part 60, 
Appendix A). (A copy of this Federal regulation is 
included in the student manual.) ' The production of ^ ' 
shadet of black smoke can be accomplished by various • 
means of creating incomplete combustion. The non-black 
emissions can be produced by heating a distillate-type 
oil so that it vaporizes into a gas and then , cooling it 
so that the vapor condenses into an aerosol cloud*^ Thi^ 
cdoud is white and its opacity vai^les.wlth the amount of' 
oil that is vaporized. The control of the visual 
densities of the smoke plumes is accomp^shed by • , 

measuring the densities before the plume is emitted and 
altering the flow of combustible material (black) or 
vaporizing liquid (white) until the desired density is 
achieved.' There ar& no liquid flow control settings 
which are calibrated to give specified. Ringelmann or 
equivalent opacity readings. One obtains a particular 
density by .tuning the fluid ^control valve nntll the 
photoelectric celi^^system measuring the density indicates 
on a dial or recorded that smoke of the desired density 
is going, up the . stack, r 

It possible for an air pollution control agency to 
> build its own smdke emif^pion equipment for training'^ 1 ts 
smo^ce Inspectors. Several agencies including Los Angeles 
County, Bay Area, and the State of Colorado have done 
this and prepared stationary units. 

^ As of this time. portable emission generators are 
produied conrnie^cially only by one company - Environmental 
Industries, Cary, N. C. 27511. These are mounted on 
trailers, and can be hauled from city to city behind n" 

^automobile, ol" truck", .' ' 

Tfiis guide will describe the components, principles, and 
procedures which are directly applicable to a typical 

* 23 . • • ' 
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THE SMOKE GENERATOR 
PARTS 



generator. ^ Agt^ncles whichiown another type of unit 
can probably apply many of*the instrucUons and comments 
to their own unit without much alteration. Agencies ^ 
which have built or wiU tiuild their own unit should also . 
find this Manual useful as a guide to principles and 
correct operational prattices. , - 

Portions ot this Operator Guide haveSieen reprodyced 
or" adapted from the Instruction Manual ft)r the Mark II ' 
Smoke Observer's Training Unit, prepared by Dr. Rcjjjert 
Sholtes of the ftfivironmental Specialties -Company. 
Although, this unit is no longer manufactured, it Is 
typical of ^those portable units still being produced. 



.Photograpba-«f .the Mark II smoke generator appear 'on the 
'next three pages and the various components are numbered 
and listed beloV: . ^ 

(1) Trailer hitch ' ' ( t 

Wires for connecting ' trailer tail lights to 
electrical system of vehicle used to haul the 

trailer J 
Auxiliary box for carrying recorder and 'Seatfefa * 

parts during transit * I 
Stack support with tie-down bolt t 
Tbluene cbnt^iner ^ 
ToXt^e foel pump ^ 
Power generator ' 
Furnace 

Furnace wind shield , 
\\t Fuel oil container 

Recorder; control pMnel on top contains: 
.(a) light source switch 

(b) light intensity control^ 

(c) main blower ^switch 

(d) fans switch 

(e) oil fuel pump switch ■ 

(f) benzene fuel -^ump 'switch 

(g) horn switch 

(h) fuses 

Lower portion of stack 

Hinge , 
Upper portion of stack 
Light |B^ce 
Junction box i 
Transmlsaometer cross pipe 

Photocell 

Fans for exhausting air from transmlssometaii armB 
Hydraulic ,puhip - ^ 
Vent for* hvdrauUt system 
Bleed vnlv« (hidden) for hydraulic system 



(2). 



(3) 

t^) 

(6) 
(7) 
(8) 
(9) 
(.10) 
(11) 



/ 

(12^ 
(13) 
(lA) 

(1^ 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 



erJc 



24 



•^(23 
(24 
(25 
(26 
(27 
(28 
(29 
(30 
(31 

; (32 

,(33 
(34 
K35 
' (36 
, (37 

r. 

(38 
(39 
■ '(40 
(AJ 
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Housing connector on fuel tank 
Spare tire 
Main blower 

Main blower Inlet J 
Toluene metering valve 
Fuel oil metering valve ^ 
P^frfel bo^rd 
Amphenol connectors 
Damp^er control 

DampW In main blower inlet ' 
Example oT Flberfrax 
Example pf fire btjtck 
Stop switch for gaspline engine 
Exhaust martlfold of generator 
Hypodermic needle In place, for" injecting \\1 , 
fuel oil Into manifold * ' . 

Oil filler plug * ' 

Plastic tubing attached to hypodermic needle 
Choke . ' 

Gasoline container for power generator 

(A list of component specifications is given In 
the Appendix.) ♦ * *• 



OPERATING PRINCIPLE3<0F 
THE SMOKE GENERATOR 
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Two different operating principles are used in the 
- production of white and black smokes. In the case 
of white smoke, it is sought to vaporize i\l tuel oil 
itt the absence of oxyfeen and subsequently condense 
thii3 vapor into an aerosol cloud, which is the 
"white smoke," In the Mark II spoke genet^tor, the 
white smoke is obtained by injecting -^he oil into 
the hdt exhaust manifold of tfie generating set. 

Black smoke is produced by the combustton of toluene 
with a d^jif^iciency of air. When any carbonaceous fuel 
is burned with Insufficient air, a smoky flue^gas 
is produced, consisting o^ carbon-containing 
particulates suspended in the gas. In the/Mark II 
smbke generator, a special furhace is provided in 
which the combustion air is limited to a fixed 
amount* Using fine metering valve, fuel is fed 
into the combustion chamber where it is poorly 
mixed and burned in the limited air. By decreasing 
the fuel flow one can produce a lesser or gredte 

In the production of both white ftnd blfl^ck smokes^ 
the smoke produced is diluted J^ith iEpbient air* The 
degree of dilution is controlled by meams ofv dampers 
installed in tbe main blower inlet. 
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density of smoke. 
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. The transmissometer l»s a simple light source and ' 
photocell combinatiflfc, which measures the light 
transmission permitted by the particular smoke 
being pro,d4iced. The light to photocell path is 
apprbximately '4 feet long, but only I foot of length 
is exposed to Che smoke. The remaining 3 feet are 
continually flushed with ambient air to prevent 
fouling by smoke of transmissometer components. The 
apparatus can be calibrated over the entire density 
scale by using several grades of neutral density 

♦ filters. ' . \ : 



If desired, the unit can be operated while attached 
to the towing vehicle. If the ^moke gene^jator is to 
be operated separately, the trailer frame should be 
leveled and the wheels chofked to prevent movement.' 

1. Check levels of all fuels and lubricants^ 
.t. a. ^Toluene (CAUTION - do rjdt use benzone 

since it has been classified as a 
toxic substance) ; ' 
#2 fuel oil; 
. Gasoline for the engine; 
Oil in engliie crankcase. v 
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Elevate stack* 
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^, ' Remove tie-down bolt and nut at . 
upper end (forward end df trailer) of 
lowered stack, 

b. Close bleed valve and open vetit on 
hydraulic pump* and commence pumping. 
Note. As the stack is being "elevated , 
it is possible tc?^pump at a rate -that , 
results in re^otiant* v-ihttration of th^ 
st^ck assetnbly* -This conditio^ should 

4 * be avoided by char^ging pumping rate. 

c. When the stack reaches the approximate 
\upper limit of its travel', the geometry ' 

bf the design will cause It to quickly 
, • move to tlfe cottipleteljf er^ctSjpositlSn. 
V* , After this has occurred, pump a few 

more strokes to a|iply a holding force, 
(CAUTION - do. not' exceed a reasonable 
^ hol^itjg force as this cylinder can / 
cause permanent distortion to stack * 
if pumping is continued.) .Close vent* 
• 4 No further attention should be neclssary, 
. ' although a C clamp can be placed over • 
' the lips of the top and bottom portions 
^of the ^tack as an add^ltional guard 
• ''^'""^gainst the , stack toppling over In 
strong winds* 

% 29 i ' . * ' • < 
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A gasket may inserted between the 
upper and lower portions of thi stack 
or masking tape- may t)e used to co>jer 
'the crevice between the top and bottom. 
Covering this opening reduces the 
tendency faHs pul^atlon& in the plume 
.by preventing the ambient air from 
entering the stack,. 
Make electrical connections between the 
panel mounted on t\ie stack and the'meter 
or recorder using the amphenol connector©. 
Supply electricajl povJer. 

a. The' electriV^l {^ower for the Mark II 
can be supplied by the gasoline- , 
powered gendfratlng sel; provided. The 

* generator's gasoline engine is started 
in a manner similar to starting a power 
lawti movers If the engine has a short- 
ing mechanism, fuel valve, and choke, 
these should be in the proper position .> 
' before the rey^ind starter is pulled. 

b. Alternatively, electrical^ power can b^ 
obtained by plugging the three-prong 
plug into an available 115 volt 60 
cyc^e current using an extension cord. 
By using this electrical power one is 
assured of a steadier current than 
that supplied by the generator.* 

After allowing a minimum of 30 minutes 
warmup, ^et Transmissometer for total 
opacity and then for total transparency. 
(This oalibrationishall be done prior* to 
conducting each smoke reading test.) 

a. Check zero reading of meter, adjusting 
with facescrew if necessary (use zerp 
adjustv if recorder model) . - 

b. Move light intensity control to the 
c9unterclockwise limit of travel. 

c. Switch light source' on and adjust 
intensity control in clockwise 
direction until readout meter indicate 
0 Rlngelmann (100% transmission). 

d. If unit has been out of service for an 
extended period, it would be well to / 
recheck this calibration after 10 
minutes. 

A Generate White Smoke 
a. Start gasoline engine (unless It is ' 
already being used to generate power), 
bi ( Start main blower, fans, and oil fuel 
piltap in*" that order using svfTtches on 
Contarol panel. 



Open oil val%e (the right-har^^alve) 
mounted' on tl\» panel to supply the 



appropriate quantity of fuel. 
CAUTION. The metering valves provided 
dre of the precision needle type and 
should never be forcefully closed. ^ 
Only a light pressure is required for 
tight closure, , 

d. Turn off the fuel' oil metering valve, 
the oil fuel pump, and sliprt out the 
engine when switching to black smoke. 

Generate Black Sm):)fce 

a* Start main blower, fans, and toluei\e 

fueJi pump in that orde^ using switches 
on control panel. 

b. Open toiuene valve" (left-hanA vaj^ve) 
^mounted on panel board -to si/pply the 

appropriate quantity of fuel. 
CAUTION. The metering valves provided 
are of tho^ precision needle type and 
should never be forcefully clqsejd. 
.Only a ll'8%t pressure is required for 
tight closmre. 

c. Quickly ignite toluene with a match or 
piece of waste paper thrown in through 
furnace' opening. * . 

d. ""^laco the wind shiel^d over furnace ^ 

o^Hening. 

e. Turn off'^toluene valve and lot fire in 
furnace die out when switching to 
white smoke. 

Shutdown Procedure 

a. Close fuel valves tg both white and 
bladjc smoke generators. 

b. Cut off power to fuel pumps. ♦ ^ 

c. Allow a S-mlnute cooldown period and 
. then cut off power from main blower. 

d. Turn cxff light source. 

e. .Stop gasoline engine and disconnect 

outside Jelectrlcal power, if used. 

f. .Disconnect electrical connections 

between .panel and meter or recorder, 
Loweringr* the Stack 

a. • Open vent and .^lightly open bleed vnlve. 

b. Push stack over tpv start* its descent* 
(24 * ^Af ter stack has been lowered into the 

support and tied dowi^i,. close the blead 
Valve and the vent. 
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TRANSrtlSSOMETER 
CALIBRmON 



AUXILIARY EQUIPMENT 



The transraissometer-recorder '6r transmj-ssometer-meter 
system should be recalibrated prior to each training 
course %pd after any repair^ or replacement Involving 
the phoJfocell, light source; or associated electronic 
circuitry. Procedures for this calibration are given 
in EPA Method 9. A set of neutral density filters 
having nominal opacity of 20, 50, and 75% is needed. 
These filters, when placed one at a time in the horizon- 
tal pipe between the light source and the photocell, 
will give the true values of tra^psmission f©r thjee 
pointa. Two more points on the curve can be obtained 
when no filter is ir\ the pVpe and the light source i? 
turned on (0% opacity), and when the ligh^ source is 
turned' off (J100% opacity). 

yhese readings establish five points on the me'ter or 
or recorder. From these the additional 1/4 Ringels|&nn 
"or '5% opacity readings can be determined by subdividing 
the spaqes between the five points established with the 
neutral density, filters and the 0% and 100% opacity. 

A smoke generator may have several major components that 
are purchased as a unit and installed in the smoke 
generator system. The Mark' II generator includes 
four-cycle engine, a 2000-^att electrical power plant . 
run by the engine, and a recorder. Each ipf these units 
is supplied with an instruction manual giving directions 
for operation and care of the unit. The smoke generator 
operator should be familiar with the contents of these * 
manuals and should plan to do the preventative maintenance 
prescribed in the manuals. A few bf the items mentioned 
In the manuals are listed here for further emphasis. 



TECUMSEH FOUK-CYCLE * 
HORIZONTAL CRANKSHAFT 
ENQINE 



Keep the engine clean and see that no dl^t or 
water enters the engine while filling It with 
♦gasoline or oil.' . 

llflG MS classification oil. Ho .not use oils* 
marked only MM, ML, or unmarked.^ 
Above 32^? use SAE 30. Below 32 F use SAE lOw. 
Do not mix oil wltirgasoline. 

Keep the oil reservoir fUled to tht' top of the 
nUer plug opening. 

Oil should be changed after ^ery 25 hours of 
^operation. . . . ■ 

Clean the air cteaner occasionally. 

• . is _ 
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DAYTON POWER GENERATOR 

'I 



8. 



9. 



1. 

2. 
3. 
4. 



Une a 'good grade of regular gasoline. Keep the 
small vent hole in||the gasoline tank cap clear 
so tfliat the air pressure can push the gasoline 
into the carburetor, j 

Filling the gasoline tank up to only the 3/4| 
level will prevent gasoline from being throvfrn 
out the cap ho'Ue when the engine vibrates • 



Under ordlkiary- cirdimstances commutator brushes 
should be inspected after ev^ry 50 hours of 
^operation. ' 

If brushes are worn to a length of 3/8 inch or 
less, replace tihe ent^ire set. 
Keep the commutator free from carbon dust or 
other dirt by cleaning it with a lint-^free cloth. 
Keep the surface bfVthe collector rings in a 
high state of pol\sh by shining them occasionally 
with a crocus cloth. 



HYDRAULIC SYSTEM 



1. The Sihaft supporting the Stack may needjip be 
lubricated periodically • 

2. Additional fluid should be added tq the system 
as needed. 



EXPERIENCE' WITH THE 
OPERATION AND MAINTENANCE 
OF THE SMOKE GENERAW 
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During th^^past several years, thetre has been, a rapid 
^ Increase in the nvin(ber/<yf smoke generators made and used 
fo»the training of air pollution inspectors. These 
generatprs have b^en Operated under many different .\ 
weather conditions and havfiLibeen hauled mapy miles for 
the presentation of smol^e reader training. 

It is the purpose of Unis sectiofi to reljgite some of the 
problems that have arisen In the use of smoke generat6rs 
and how these jiroblems were hawHedV Many cK the 
difficulties will occur again. By dating some of these 
past' experiences, we hope to pass on' to future generator 
operators the knowledge that previous operators have 
acquired. Most of the information related here was 
obtained by the EPA operators with their portable smoke 
. generators. ' " « 

It, Is hoped that each user If this maniinl will take time 
to write down in hi» mantial any troubleshooting experiences 
he has had v^ith hi.s generator. In ^hls, manner ■ he can 
pass on to his aHHot laLoH and succes.sorH the maintenance - 
and service recommendat ions that may be pertinent to the\ 
generator th&t his agency owns and operates, tou .might 



compile a listing of agencies in your region that own 
a smoke generator. By exchanging informi^tion with other 
operators or contacting them when you haVe a problem, 
you should be able to improve the performance of your 
own smoke generator. 

NOTE: It is recommended that whenever a p0rtable smoke 
generator has been moved, the oparat^or should make a 
trial <run with it at the earliest possible t\ime. This 
will allow him to discover any problems that\may h^ve 
bccurred in transit and will give him time to\ solve them. 
After moving the generator to a course site thyis trial ' 
run should be made before or during the first day if 
possible. 



\ 
\ 

\ 



The portable smoke generator is very prone to hav\Lng 
^problems caused by loose wires, nuts, etc. Even When 

the trailer is hauled over good roads, there is sufficient 
vibration to cause smalli parts to come loose. Foot rc\ads 
and minor collisions indrease the probability* The \ 
generator operator should always carry a roll of fiber 
tape (and a knive or scissors) with him to tape secutply 
pieces such aa the furnace windshield, the //2 fuel pipe, 
and the door of the -control box. The plastic fuel oil 
pipe, . the hypodermic needle and all other loose tools, 
parts and cfclectrical connections should be detached and 
carried separately in the hauling vehicle or 'in a large \ 
'box welded to the trailer frame. 



J 



The electrical connections to the photocell, the light 
source, and those into the Junction box on the stack .may 
come loose. I^ necessary, these connections can bf, 
soldered for addei^i security* ' 

Shaking has resulted in: 

' (a) The tie-down nut hplding the stack ir\ 

place coming off and requiring a replacement ^ 
nut for good tightness during transit, 
(b) A wire in the variac (in the recorder box) 
.conhtng loose and shorting oa| the rectifier. 
The result was no response or the recorder' 
(or indicating ddal) to change in smoke' 
density and the blowing of fu8es\. The problem 
^was finally discpVered by using a vacuutn tube 
, voltmeter and the wiring diagram for the smoke 
generator to check out all the connections f 



for breaks l^n the 
(c) The printed circui 



line. 

^ t in the recorder develoi^lng 

a hnlrlfne crack that resulted Ip. fluftuatioas 
In the re9order' reading. As a consequence the 
Tecorder/Would at times indicate increases* and 
decreased in smoke den8:ity whenthere were none, 
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TKls was a particular, problem when the smoke 
density was low (the high end of the recorder). 
The hairline crack was eventually discovered 
and mended; however, It has been suggested that 
^ .a duplicate printed circuit board might be an 

i • item that should be carried with the gener- 

ator. 

(d) Bulb Ibn tha transmlssometeV-^ .being loosened^ or 
moved out of; line. This appears as no response 
of the transmissometer to varlnty^ns in smoke 
' V density. The solution is to removev the cap 

^from the bulb end df the transmissometer pipe 
••tw g#and check the bulb for tightness or alignment. 

^ In the case of alignment it might be a .gt^d 

idea for the generat/or operator to becdma ' 
familiar. with the proper placement of the 
elements of the transmlssomgper when the gener- 
ator is running satlsfactdlfLy so that he can 
, identify any inregularitles If difficulties 
■ ' arise later. 

OTHER PROBLEMS ARIS tNG ^ ' \ ^ 

FROM MOVING AND HANDLING ^- W 

^ ^(a) The power generation unit can be shaken during 
moving. The manufacturer has put on better 
f ^ bracing with rubber cushions and coil springs 

^ . to help reduce'the" effects of vibration. 

T Ih) Handling and vibration have caused the stack • 

4 ' to be thrbwn out of line so that it d^ea not 

^ exactly jit into the 'brace that holds it in 

' ^ its lowere^ position. This has pre^ted the 

stack from\bG^ng held tight and the constant 
♦ vibration during traveling has worn a dyt^t^i^ 

the area where t\}e stack bumps against the 
brace. 

^ (c) Thq" refractory firebricks fall out of their 
places in the combustion chamber and breaks 
This necessitates extra bricjcs b^ng carried 
^ .alortg for rellning after thdf trip'ls finished. 

One solution w,as to rebulld(Jthe combustion 
chamber of double-walled steel and doing 'away 
with firebrick. However, the steel floor does 
riot retain fuel like the brick and the fire 
* ' sometimes goes out when the fuel flow is slow. 

V . "Fiberfrax^* or refractory bVick can be used *on 

the floor to retain the(^fliel. 
The trailer has been Involved in automobile ' 
accliJents. This raiyif^qulre maior repairs 
and 'rebuilding. Ij/s, the operator should i 
have 11 good ideajof alT the components of 
the generator a(W how they fit together so 
that he can have them put back togetlier* K^ep 




(d) 



A 
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all the descriptive^ material, diagrams, and 
photographs supplied with a por tailzie smoke 
generator • Then take additional photo6 from 
different angles to be used' for reference, 

(e) In moving and handling, several parts have 
been knocked off or lost, '^he exhaust fans 
on the transmissometer assembly are quite 
susceptible to being knocked off/ Fenders 
haye(al8o t^een lost- The operator should 
Inspect these parts to see how they are 
attached so that he can have them replaced. 
He should also know how to obtain replacements 
^ for these parts. f 

{fy k spate tire Is supplied for replacement 6f 

flat tires. A combination of an automobile 
jack and some support such as a concrete 
block can hold the trailer off the ground while 
the < tire is being changed. You should check 
to see that you have the proper wrench for 
loosening tiie lug nuts. 

. ' ' ' ■ ( 

(a) Toluene is the fuel of preference for black 
smoke replacing Ijenzene, which is considered 
toxic. Toluene will not freeze in cgld weather. 
The freezing point of toluene is .-95 C. • 
/(b) Fuel pumps have failed. It is a good idea to 
carry an extra one along 'in the tool box and 
know how to install it. 

(c) Suspicions of improper fuel floV can be checked 
visually by seeing if the toluene* or fuel oil, 
is flowing out of the fuel pipe. There my 

be some obstruction in the pipe that needs^ ^ 
-* ^N^leaning out. . • 

(d) <Fuel flow may dafceriorate the "0" ring in the 
I housing on top of the fAel tank causing an 

/ unsteady fuel Jiow. A repl^cemjent housing can 
be purchased at a marine supply store. 
\(e) To produce the black smoke, the t*luene flows 
out oVer the floor of the combustion chamber 
where it is lighted and burned. This is not 

V an entirely satisfactory procedure. One 

operator has constructed a bowl on the chamber' 
floor* into Which the fuel flows. 

As mentioned in the .discussion of "Other* 
Problems Arising, from Moving and Handling", the 
refractory brick floor does retain some of the 
luel within its surface and prevents the fuel - 
from evaporating too rap^ldly. If fNsteel floor 
Is installed, the operator may turn his fUel 
*flow down to obtain a low Hin^jelmann nuioWer 
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PAIN-ilNG AND tfREVENTION 
OF DAMAGE FROM THE- 
ELEMENTS 



and discover that his Plre has gone out. This 
is thf result oJ?^the evaporation and burning of. 
the fuel exceeding the rate gf Incoming fuel. 
CAUTION . Be careAll when relighting the f.ire 
in a* hot combustion chambyV whether it is 
ftteel-lined Or fire-bricl/ l\ned. The heat 
vaporizes the incoming /uel and may provide 
an explosive^ atmospher^. Keep your head atid 
body away from the (,)penlng whe\i you hold or 
throw the n^atch in. Explosionsv have never yet 
dStnaged th«^ combustion chamber l\ut thejj have 
singed some arms. Do not be in too much of a 
hurry;' leC the chamber cool down y little. 

.One solution to these problems of fuel flowlpg 
out over /the combustion floor is t6 tnstall 
some materia! with good absorptive 'character- 
istics. / One operator suggests a piece of 3/A" 
^^Flberfrax". This Is used as Insulation in 
furnacep and can be jpurchased at a furnace. 
0 supply store. ** 
Note: ^"^en moving around with a portable 



generator, the operator should alwayS clieck 
his supplies of regular gasoline, tol-uene,\ 
and //2 fuel oil prior to operating the gen- 
erator- If any of thes^ are low, Jie should 
make flmmedlate arrangements to6 obtain additional 
quantities. 



(a) For overq^ll good maintenance the smoke generator 
should be kept painted. .However, there are 

^portions of the breeching system between the 
• 'combustion chamber and the -stack that will not 
detain paint because of the high temperatures, 
of the eJchaust gases. 

(b) If water accumulates in the housing for the 
blower fan, you should drill a stnall drain hole 
In the bottom of the housing. 



PILFERAGE, VANDALISM, 
AND LARCENY 



(a) To discourage the stealing of any of the loose 
items used pith the smoke generator, you should 
disconnect ^11 elei:trlcal wires and recorders 
when the generator is not ip use (Including 
ovenilghtv during cl course) and place the^e items 
In the storaj^c box* or thtf trunk of nn Aitomob^le 

(b) It4s/hoped that the public association qf ' / 
pollution l^ighters with "good guys" will 
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prevent any vandalism. To Identify the amgdke 
genprator'^ In this reapect one operator h|s ^ 
placed on his generator* a sticker supporting / 
_y smog, eradication. Another aid may be to ejpplaln 
the Instrument and Its purpose tJd any curloils 
bystanders. 

(c) 'Fhe power generation unit and the fuel fank^^^ 
are portions of 4;he smoke generator that have 
other uses and can be removed from the - 
generator If the thief brings the proper tools. 
If community conditions Wfarrant, the smokeK • 
generator shodld be kept Inside or under guard. • 



One of the r^ecyrrlng criticisms by students of the 
smoke generator's performance Is that sometimes the 
shade of the smoke produced is not constant during the 
few secondii over which a reading takes place. During 
nortnal operation the horn should be blown at a tfme when 
the recnr<kr or Indicating dial shows that operation is 
stable. . If It suddenly changes by more than 5% opacity 
or 1/A Rlngelmann after you hav^ blown the hotn the 
Student may have legitimate cause for complaint. You 
Hcan mark those readings In case complaints come up ''when 
the correct readings ate given to the students. 

In Bov^ cases, thete are complaints that the ttansmls- 
someter readings are In error by significant amounts. 
To ensure that this Is t^ot a valid complaint, the 
operator should reduce the stnoke outpliit to zero once or 
twice during every run and check his recorder or indica- 
tor for a, zero reading. If an adjustment is required, 

he should make it. ' 

S ^\ •. 

An additional precaution may be taken if recorder or 

indicator f I'uctuatioha are suspected. The operator or 

his assistant can take visual observations of the 

readings along witih tl^^ students and check their expert 

ability against tne transmissom^ter value after each 

teadtng^ ' 

* w • 

Ovk generator developed a problet^ of an unsteady and. non- 
reproducible zero''^ opacity or Rfngelmann reading on,. Its 
recorder. Several components were checked for malfunction 
(refcorder, photocell, and loos^ wires) and found to b« 
perfy)Tming acceptably. The* deduction w^s that the 



*The zero opacity is in reality the highest reading for 
Vhe recorder since the scal^ is reversed during calibration. 
The'^problem was ^aventually found to be a broken coriiectlon 
In the printed circfilt board. However, the Suggestion q;on^ 
cernlng the use of ,tl^ varlac might still b# followed. 
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light source was varying. Oiw suggestion was not to 

Mse the variuc to. adjust the light, but to calibrate 

for zero opacity by valylng the input signal from the ^ 

light to the roc I) rdo I'. ^^ 



HAULING PROCEDURES 



The Mark II Si^oke Observer Training Unit can be pulled 
belAnd an automobile of truck ecpilpped with the proper j 
. trailer hitch. Some agenciefe hir^ commercial trailer ^ iff 

» hauling firms to transport their smoke generators, 
t. . Others own station wagons or light tru*s with per- ^ 

manet^tly installed trailer hltche.4. For occasional 
movirig, trailer hitches for attachment to rear bumpers 
can be rented from some (but not all) trailer rental 
^ agencies. If renting, you must tell the rental agency 
^ " what kind of vehicl^ill do the pulling and specify 
the) ball size you nee<}. 

r 

The half size for the Mark II smoke generator is 1-7/8",' 
This isV).ne of the standard sizes for boaJ trailers. 
Some ownj^^have switched their hitches to the 2" size. 

ELECTRICAL CONNECTIONS . < ^ ' . n . u 

' When pulling a tirailer(bn the highway, the tall lights 

and turning signals of the trailer- must be electrically 
> cpnnected 'to the hauling vehicle. A commercial hauler 

or someone who hauls a boat trailer regularly will have 
these connectors permanently .attached to the vehicle'^ ' / 

* tail light system. \he . trailer lead wires consist of 
three wires that are color coded and should ^ attached^ 
to similar colors leading to the tall lights of the 
hauling vehicle. 

The black and red wires are for the running lights. The 
' third wl\e jjn the trailer and the automo.b-'.le may be 

white,., green, or yellow and it is f«r the turn signals. 
. < — _ 

•. ' If the hauling vehicle Is not permanently equipped fof 

p/Lllng trailers it will be nece.^sary ''to obtain three ^ 
^"^'^^eces of Insulated wire (bell wire wlll^o) which are 
3c to 4 feet Idng for connection between the trailer lead 
wires and the automobile tall ll'ghts. Clamps are avail- 
able from trailer rental agencies for Attaching , the wl res 
(' iolnlr,.,', the Urailer and hauler. TheSe clamps simplify 

* . ' the op 'ration and relieve you from having to peel off i^^^ 
* ^ ' insulation and then tape over the peeled portion. If you 

€o cut through the insulation majte certain that any ex- 

• « . posed wires are wrapped with*' friA:t'ion tape. In addition 

to friction tape the generator operator should have pliers 
and a knife when he Is working on the electrical hookups. 



'{'he trunk lift of an automoblle.VajIb^ closed on the con- 
necting wires without breaking through th.e insulation. 
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ATTACHING THE TRAILER / ^ 1 

TO THE HAULING VEHICLE 

It will probably take two people to lift up the trailer 
0 ' ' tolngue and lower it onto the ball^ Some opetators and 
experienced' coramerdial haulers can do it aloiliB. Some 
« agencies have installed a dolly wh^l on ^their trailer by 
which" the flf-otit end can be raised or lowered^ with the 
attached jack. This also aids in the leveling of the 
smokje generator befoye it is used in a training course. 

When lowering the ^trailer tongue over the ball be sure 
that the lips of the hitch are in the proper position t& 
' accept the ball* After the hitch is fitted over the ball, 
turn the mechanism to t^ie lock position and place a nail ^ 
Ojf metal wire through ,the mechanism to hold it in place. 
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LOCATION OF THE SMOKE 
GENERATOR FOR CONDUCTING 
TRAINING SESSIONS 



VIEWIN^ directions' 
AND BACKGROUND 



\ 



Several factors must be considered in choosing a place 
to park a motifkle 'smoke .generator or a place to construct 
a stationary generator. • . 



In order for the student to follow the correct. procedures 
for plume watching," the generator should be plgeed in a 
position §d that: ^ y 

.(a) The student can view the^lume in both mornfWg 
and afternoon without facing into th^ sun. ^ 

(b) The student has room to shift his viewing 
position so that he may, at times, get a 
contrasting background for either white or 
black smoke. (See discussion on contrasting 

* ba<;kground in EPA Method 9.) / 

(c) TheV^tudent can view the plume from a direction 
<t perpendicular to the wind and .^ha«" rbbm to/shift 

his position in case the wind direttion changes. 
(In some cases of wind direcfefbn shifts 'it may 
be better to delay the testing sequence for a 
few tninutes until the wind returns to its 
original direction. In extreme cases the 
operator may have to consider moving the smoke 
generator. ) * ^ . 

(d) The student can stand at least 50 feet away 
from the stack In \, any directljyv^rom which 

' he may need to view the plulne. 



A good setup for a smoke generlator would be in a 
position where the students are located south of the 
stack wfth room to move eastward and westward. By this . 
arrangement the sun would be behind the student for 
east or west winds. The student could adjust his 
position for north or^ south winds. 

■ . ' < t 
Additional i(Jeal conditions would be to have trees south 
of the students as a shade 'and protection and trees 
several hundred feet north of the generator to serve as 
a background for the white smoke. The sky above these 
trees would be the background for the black smoke • 
Trees or" buildings several hundred feet east and west of 
the generator could shield the area frojn-^ str(jjng winds. 
Some athletic fields have been found to fit the ideal 
conditions. \ 
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BUILDINGS ' 

Under moderate wind and temperature conditions the only 

needs for nearby buildings are as possible places to 

-'• . connect electrical power and as places to which to • 

retire if additional classroom discj^ission is required. 

Generally, the operator has only one 100-foot extension 

' cord 4nd can borrow only one or two more at thfe training 

site, thus, the avai4ability of electrical power is 

important in determining the putdi^r training site unless 

the smoke generator power .generation unit is sused. 



Under less ideal conditions the presence of nearby 
buildings can aid as a shield against strong winds, which 
, play ha'froc with the 'smoke plume ^nd chill the students and 

J \ " ' instructor In cold weather. One must remember that there 

\ . is a downwash effect of buildings which can ^result in j 

high-^lume^ concentrations coming to the ground. However, 
^ \ it has been the experience of past visible emissions 

\ course'^instructors -fehat the shielding effect^ of a nearby 

• . \ , building far outweighs the downdraft problems it may 

■ ' \ ' cause. The generator" can be moved a spot where the 

eddy effects p^s9 abov^ the plume dnd the- studentB^re 
\ instrwcted to make their readings just -'above- tfie" stack - 

a point where the turbulent dispersion, of the smoke is 
just beginning. ^ 

^ The smoke produced by the generator is generally riot 

" - obnoxious to anyone livJ^ng or Working in the neighbor- - 

hood where, the Jtralning is taking place, ^ny objectional 

effects' have disappeared within 50 feet of the generator 
^ ' site and generally 'the whole operation^^is Just an object 

of curiosity for pasgersby during the days of outdoor- 
training. (This "effects limit" of 50 feet does not 
exclude the generator operators unf^AUnately. They will 
have to fendure ^he nuisance of black s6ot fallout, during 
high 'Ringelmanti read ingsf and fuel oil" odors during whjtte 
smoke . ) ' . ' . 



ACCESSORY EQUIPMENT: 
AND SUPPLIES^ 



■ ■ y . ^ . ■ •■ 

The generator operator should always have ^ith him a 
•copy of the operating and maintenance Instructions fop 
the generator and its components as well as a^ set of 
tools and selected replacement parts for the generator. 
A tool box should be obtained for carrying tools, re- 
placement {jarts, the hypodermic needle, and the plastic 
tubing. , . , 
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SUGGESTED REPLACEMENT 
MKTS TO BE. KEPT ON 

imp * 




i^' ©ESIRAlfLE TOOLS AND 

.quiPment to be kept 
in toolbox 



k 



Light bulbs for traAstnissometer 
Fuel puritp^^^ ' ^ 

Fuses ... 
Plastic ^tubin 




Pliers \ 
Screwdriver 
Pocket knife 



V 



Pipe wrench for .loosening /he transmissometer cap 
(The handle may be saWed c/^f to make the wreneh 
fit in the tool h^.) , V 
Glass fiber, tape ^. 
Friction tape 
Roll of paper towels 
Matches * ' * 

Vacuum tube voltmeter (This is necessary for 
checking for breaks In the wiring, but may be 
difficul,t: to transport safely.) ' 
Wiring diagram for generator, control box, and 
x:^ao^et Xclf recorder is used) ' . ' 
Crescent wrench 

,Hand cleaning fluid t . . 

100' extension cord 

Cutters for trlmiriing wire ^ 
C clamps 



V 
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APPENDIX 



Source3 df 'Course, Material^ 



Sampltf Agenda * 

Instructor Lesson Plans . 

1. Registration and Opening Remarks 

2. Visible Emisslona, Their Cause ^ and Regalation , 
3.. Principles of Combustion - Introduction to the 

Movie 

'a. Combustion of Fuel OH - Correct Practices 
. 5. Combu&tion of Coal - Correct Prac^^ces 
^ 6. Other Combustion Emissions: Incinerators, ^ 
■Agricultural, Burning, Natural Gas, and 
, ♦ Mobile Soiuf'ces » , 

7. Non- combustion Emissions and Water Vapor PJ.umes, 

8. Classification and Identification of Sources / 

9. Ringolmann Chart and Equivalent Opaqity* 

10. Qualification Procedures and Exercise in 

Recording for Qualification 

11. Basic Meteorology 

12. Meteorological* Factors" in Smoke Reading 
13! Legal Aspects of Visible Emissions 

lA*. Observation Reports for Violations 
15. Emission Generator ^ 

Visible Emission Jralnii^g, Form ^ ^ 

Quizzes (for lesson blocks) 

Visible Emissions Examination . 

Examination Answers 

„ .« ^ 

Specifications for * Smoke Generator ^ 
student Course Critique Form ^ <. * 

Ringelmann Chart . 



Pa^e 

A6 

A8 

51 
51 
5A 

59 
62 
71 



81 

87 
102 
111 

117 
122 
126 
13A 
139 
1A3 

1A9 

150 

153 

159 

161 
162 
166 



A5 



Sources of Course Matentels * 



COMBUSTION TESTING i 
Fllrastrip with tape / ^ 

Source; National Oil Fuel Institute ) 
V 60 E. 42nd Street 
New York* New York 10017 ' 

*^ 

ORIGIMg OF THE WEATHER 

16 mm F^lm, Color ^ 

Source: Encyclopaedia Britannica Educational Films 
. 425 North Michigan Avenue $ 
Vlp Chicago, Illinois 60611 ' ^ ^ 

ROLS OF THE WITNESS 
16 mm Film, Color 

Sourcet National Audio Visual Center, GSA, 
Sales Branch 

Washington, D,C. 20409 » 

"[y ^fHl^E T's 6f COMBUSTION 
16 mm Film, Color 

Source: Rodel Productions 

1028 33rd Street, N.W. ' ^ 

l)ashington, D.C. 20007 

RINGELMANN^SMOKE^ CHART. 
Information Circular 8333- 

• ■ . 

Source: Publications Center' 
Bureau of Mines 
4800 Forbes Avenue 
: - Pittsburgh, Pa. 15213 

Tel. (412) 721-83A2 
Cost: FREE 
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GUIDELINES FOR EVALUATION OF VISIBLE EMISSIONS 
EPA-34^/1^75-007 , ^ \^ 

< U.S. Envlronnifental Protection Agency 
. ' Washington, D,C. ' ■ • 

/ April, -1975 • ■ ■ 

/• * f 

•and • - ■' 



' ' G UIDELINES FOR DEVELOPMENT OF A QUALITY ' 
ASSURANCE PROGRAM' ; 

VOLUME IX - VISUAL DETERMINATION OF OPACITY 
EMISSIONS FROM STATIONARY SOURCES ' f 
EPA - 650/4-74-005-1 > ^ • 

ij.S.' Environmental Protection Agency 

' , Washington, D.C. . . ^" 

November, l575 » ^ 

Source: Library (MD-35y^ 
"V 'iJ^ U.S. Environmental Protection. Agfncy 

L Research Triangle Park, N.C. 277J-1 

* r 9 

/ or « 

^ National Technical Information Service 

5285 Port Royal Road 
. , Sprii^gfield, Virginia 22161 




Sjin^ Agenda 



VISIBLE EMISSIONS EVALUAT:iON 



May 17-19, 19_ 



,COURSE LOCATION: 

U3EPA Environmental Research Center 
llesearch Triangle Park, 
North Carolina^ 27709 



MODERATOR: J. Doe i 



J 



er|c 



Day and Time 



Tuesday. May 17 
8:30^ 

9:00 

9:30 

10:00 
10:20 ' 

11:00 

12; 00 
1:00 , 

1: 30. 



2:10 
2:20 
3:00 

3:30 
4:30 



I 



Subject 



Speaker * 



First Day 

(For Net/ Sraoke~ Readers Only) 

Registration and Opening Retrfarks J* Doe 

Visible Emissions, Their Cause and J. Doe 

Regulation 

( Principles of Combustion - Introduc- R. Jones 
tion to Movie; "3 T's of Combustion" 

Break ' * 

Combustion of Fuel Oil - Correct R. Jones 

Practices \^ - 

Combustion of Coal - Correct' Practices R. Jolies 



R, Jones 



R, Jones 



Qui;^^ 
Lunch 

I 

Other Combustion Emissions: Open 
Burning, Incinerators, Internal 
Combustion Engines, and Jet Aircraft 

Noncombustion Emissions and Water 
V£^j[)or Plumes 

Break 

^Ringelmann Chart & Equivalent OpdtTty ' J* Doe 

Qualification Procedures and E^ertlse J. DoA 
in Recording for Qualification 

n . 

Demonstration of Emission Values tJith J. Doe 
Emission Generation (outside) 



Adjourn 



f 

A8 I 



J 
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Wednesday. May 18 



Second Day 

(For New Smoke Readers and Those Need^,ng Recertif icati 



8:15 
8:'30, 
9:00 

9:3^ 
9:45, 

) 

XQ:00 \ 



10:45 
11:30 . 
11:45 
12:00 
l:d0 



1: 30" 

1:50 
2: 10 
2:30 
2:50 
3: 10 
3:30 
3:50 
4:10 

4:30 

\ 



/ 




Review and Discussion ' ' 

JSaslc Meteorology 

Meteorological Factors in Smoke 
Reading \ 

Quiz 

i- 

Break 

Legal Aspects of Visible Emissions and 
Local Regulations 

Fi^ - Role of/ a Witness 
' Citation Forms for Violations 
, Emission tJenerator 

liunch 

Emission Generator (outside) |' 
Bla^ Smoke (Read and Record) 

Wwite Smoke (Read and Record) 

bUcJc Smoke (Read and Record) 

White Smpke (Read anid Record) 

White Smpke (Read and |Lecord) 

BlaVk Smoke (H.ead and Record) 

Bladk Smoke (Read and Record) ^ 

Whltb Smoke (Read and Record) ^ 
^ \ 

\^ • 

BlAck Smoke - Continuous Evaluation 

for Violation Citation 
Adjourn . ' 



J. Doe 

J, \)oe 



4^ 



E. L 



E. Law 
E . Law 

J, Doe 



J. J)oe 
R, Jones 



/. 



J. Doe 
R. Jones 
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Day and Tlm| * . Subject ' Speakej: 



:im* *. Subject 



Thursday. May 19 C^'or new smoke reader^nd those needing recertif ication) 



8:15 Exam 



^ 9:00 Black -Smok^ (Read an(H|ecord) J- Doe 

and R. Jones 




J. Doe 



9:20 I White Srnok* rfead and Record) 

9:40 ^ White Smoke (Read and Record) 

10:00 Bliick .Smoke (Read and Repord) 

10:^20 ^^Jffeak , \^ 

10:40 , 'Black Smoke (Read* ^nd R6cord) 

11:00 White Smoke (Rfead and Record) 

11:20 White Smoke (Read and Record) 

11: 40 Black Smoke (Read and Record) , 

12:00 Lunch 

1:00 Exam Review < 

1:30 White Smoke - Continuous Evaluation i 

for Eolation Citation ^ ^ 

2:00 * White pnoke (Read and Record) ' ^ 

2: 20 Black Smoke (Read and Record) 

2^,40 " , Black Smoke (Read and Record) 

3:00 * White Smoke (Read and Record) 

VI,- 

3;2i) , Black Smoke (Read and Record) 

3:40 White Smoke (Read and Record) " 

4:00 » Course Evaluation and Clostng J* Doe 



J. Doe 
and R» Jones 
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INSTRUCTOR 1 
LESSON PUN 1 



Subject; REGISTRATION AND OPENING REM/\RICS 



1 



Objective: Student should be able to identify the purposti, of this course 
and to find and ^have read the Course Objectives listed in thei beginning 
ojE the Student t^jiuala * / || " 



Suggested Time: 15 minute^ 



15 minu 

X — ^ 



Required Equipment : None 



LESSON OUTLINE 



Aids & Cues 



Make a final check of pre-class prepara4:ions 

A. Lighting and lighting controls 

B. Student manuals, handouts', and regTstration materials- 

C. ?r<!rjection equipment 

1,.^ ,35 mm projector ^ 

2. movie projector and take-up reels (1* for 1600 ft» Cilm 

3. projection screen ^ 

4. bla,ckboard, chalk, er'^ser \ 
\ 5. overhead proj'ector (optional) 

6. wax pencil (if needed) 
Preliminary remarks / ^ ^ ^ 

k, Welfcome class 

.Introduce self and the name of the course 

C. Hand out any registration materials Indany other student 
materials not previously distributed 

D. (iiJe students any nefiessary instructions about filling out 
registration cards 

JSp Mention the names and affiliations of other speakers who 
will be appearlng-^durtrrg-'-^^" course 
Point out the location of the restrooma^ 
Go Explain any arrangeiiict\t9^ for coffee during break p^tiods 
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USSSON OUTLINE 1 



Aids & 



Cues 



ill. 



H. Suggest locations c^f restaurants or cafeterias wljere 
the students can eat lunch ' ' \ 

I, Collect the registration cards when they are 

J 

completed. 

State the p^grpose for and ^the method of conducting this 
short Qpurse in Evaluation of Visible Emissions 

A. Purpose ' . 

^1/ To train the student so thlt he can qualify as an 
' expert smoke reader who can determine the opacl- 
ties of both grey-blAck and non-black plumes 
wfthln 7.57o'of the correct reading on the average 
and with no reading Incorrect; by as much as 20%. 
2. To Instruct the student In the causes of visible 
plumes, the effects of weather on these plumes, 
the legal basis for visible emissions regulatlon|^ 
and the proper procedures In enforcing these 
• regulations. • 

B. Method 

^ 1. A day and a h^lf will be devoted td lectures 

on the various topics associated with visiAle 
emissions and their evaluation. 
2. During the last 1 1/2 days the course will be 
conducted outside. First, you will be given 
training In correctly! identifying (use whichever 
? ^ is appropriate for the agency Involved) th^ 

shade of black plumes according to the Ring elmann 
■ -t' scale and white plumes according to the* equiv- 

alent opacity scale or the opacity ^ black 
or grey and white plumes according to USEPA 
Method 9 . Then, there will be a series o^* 
qualification runs testing whether you can 
identify the correct opacities, or densities of 

'52 
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LESSON OUTLINE 1 



IV, 



( . 



V 



^5 shades of black «moke and 25 shades of white 
smoke. To qualify, you must read one of these 

< 

aets of 50 shades within the prescribed accur- 
acy. 

3^ There will also be s ever arl short quizzes and one 
examination during the course to. ^ test what you ^ 
have learned from the lecture portion* 
C. Qualification 

If you successfully pass the qualification test for^ 
evaluation of visible emissions, you will be given 
a certificate by the agency conducting the course 
stating your qualification and the date of this course* 
(Y*diploma may also be given for attending at least 
95^of the sessions without the requirement of qualifi- 
cation.) 

An official of the sponsoring air pollution control office 
may be iijvited to give a short welcome talk at this point 



Aids & Cues 



'^Plume - readipgs will be bafeed on current state regulations, 

I 1 
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INSTRUCTOR O 
LESSON PLAN L 



(Subject: yisiBLE EMt^SIONS, THEIr' CAUSE AND REGUUTION 



Objective: The Student should be able to define micron, list the>«iVpes 
pt visible air pollutants, and give an example*^ of each, describe^hfe 
■effects of particulate air pollutants, including the scattering oxlight by \ 
0-lp, particles, and list the tj^^pes of air pollution regulations. ^ 



Sugge,8ted Time: 30 minutes 



Required Equipment: 35 nm slide projector 




Introductioni: ^/ 

/IFO begin this course', I would like to explain why we see 
some plumes/ while others are invis^||0.e. Although many pollutants 
are vislplQ' and can hurt us, the ones we cannot see can also have 
damaging effects to health, vegetation^ and materials. 

We are here ^to learn how to make visual measurements of the 
shade of visible plumes so that We can enforc^i one type of law on 
regulation against air pollution— the visible emissions regulation 
are (depending on regulations of the agency^pvolved) : 

(1) . Ringelmann Numbers for regulating gray and black 
♦ emissions J ^ 

(2) Equivalent Opacity »for r^ulating non-black emissions, 
pr (3) Opacity ^Regulations for all visible emissions. 

There arelother types of regulations for restricting air 
pollutants and we will say a few words about them. In the course 
of this talk theje will be several terms introduced, 
^be used frequenjfLy throughout these lectures to make sure you' 
understand therv ^ 

I, Discuss the importance of particle size to plume visibility 
and intrjffduce the mieron as a measurement of particle size. 
Aftposition of visible plumes 
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LESSON OUTLINE 2 



1. particles 

a. solid, 

b. liquid 

■ 

2, gases 



B. 



\ 




Particle size 
J., micron 

»■ 

2» behavior ^ 
a, large - fall out of the air 
b# 5-100[x - suspended particulates 
c, 0,1 - l.Op, cause haze 

3# effect on light rays 

a, 0,4 - 0,7pi scatter light 

b, larger particles reflect 

c, smaller - invisible 



II, List' and 'define the names of the various types of 
visible air c^/ntaminants 



/ 



1 A, smoke 
soot 

C. flyash 

D, fumes 
E« dust 

mist 

G. , condensed Water vapor 
H* gas - visible 

2* ^chlorine 
3» watej: vapor 

III. Describe the effects of paxticulate air pollutants 

A. materials 

B. vj^^slbility * 

C. :^ticoming sunlight 



■ / • 

Thea/e are slide-numbers* The first number Indicates thia 

lesion number and the second number indicates the series 
of ^umbfers in tl\e lesson. ♦ 



mi 



Aids H|uc9 



2-1 



2-2 



2-3 
2-A 

2-5 

2-6 
2-7 

2-d 



2-9 



2-10 
2-11 
2-12 



/ 



T7. 
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LESSON OUTLINE 2 



D. health 

E. vegetation ; ^ 

XV< TJerttlfy and give examples of the types of #regulations 
that can be used to control pollutants 

A, , weight per unit weight of stack gas (lbs/ 1000 lbs) 

B. grain loading (0,0A grains/scf Npr 90mg/scm) 
process weight (AO lbs per hour\per 60,000 lbs per 
hour of process weight) \ 

^. limitation on basis of thermal input (Ibs/lO^Btu oT" 
^ heat input) 

D. boundary line measurements of air quality (200vig/ffl 
at or beyond property line) . 

E. Ringelmatin Number and Equivalent Opacity 

1. advantages ^. disadvantages ^ r 

V. ^ummary 

^ Thus, although we may commonly call the emisalons from a 
stack "smoke," they may not strictly be smoke for that? fferm 
is reserved for products of incomplete combustion. T^^e sut( 
of what name to call emissions we should know how they were \ 
created. 

Generally, the particles that make a plume visible are 
extremely small. They can be seen only with a microscope, if 
we look at them individual]^. The larger particles that we 
can see Individually witth th^ naked ^ye do not remain in the 
plume,- but fall to the ground relatively soon after they 
leave the. stack. 

The alternative^ to regulating emissions by ^Isual 

observations are measurement^ of the weight of material coming 

from the stack. These measurements take time and expen*Sive 

equipment and can be done on only a single 6tack at a time. 

Regulation through the use of a visible emission 
♦ 

regulation can offer a means to cleaner air with the expendi- 
ture of smaller amounts of Manpower, time, and money by the 
enforcement agency. 



Aids & Cues 



t 
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2-13, 
2-15. 



2-14, 
2-16 
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35 'mm Slide Ll?f for 
Visible EihlsjBlons. Their Cause and Re c^ulatlon 



Topic 



Comment 

4 — 



Sizes of ati^ospherlc particulate matter Note classifications • 
(from Criteria Document for Pai^ticulates) of particulates 2 
• . . between OA\i and 10 



Types .of effluent plumes (from L«A. 
Field Operations M^inual) 

tJood products manufacturing plan£ 
Columbus, Ohio (wood waste burning), ^ 

Air pollution training smoke generator 
(smoke from burning toluene) 

Steam-electric power planet 

Lawrenceburg, Indiana , (coal- fired) 

t 

Open-hearth furnaces 
Lorain, mio - 1970 
(metallurgical fume) 

<i ft 

Grain elevators, Columbus, Ohio 
(grain dust) 

Contact process sulfuric acid plant 
Columbus, Ohio (sulfurlc-acld, mist) 



Nitric acid plant ■* 
(NO2 plume) 

Cleaning of City Hall 
Cincinnati, Ohio 

Skyline (Cincinnati, Ohio) 

Measurements of amount of sunlight 
(0,5[Jb) reaching different heights in 
urban and .rural areas (from Criteria 
.Document for Particulates) 

Human respiratory ay/etem (from Criteria 
Document for Partiotiujates) 



Fraction of particles deposited in 
the three yarts of the resplratoi 
tract systfem as a function of 
particle diameter 



All 0^, these Include 
some visible pollutants 

Smoke 




xoh, bxlde fumes 



Dust 

Sulfuric acid mlsjl from 
tall stack; water vapor 
from. lower cooling tower 

Nltxogen dioxide gas 
(brownish plume) 

Effect of particulates-^ 
on materials 

Effect on^vislblllty 

Effect on incoming sunlight 
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Divides system into 
nasopharyngeal , tracheo- 
broncljial, and pjulmonary 
parts 

Larger particles stop In 
naso- porjfelol; Most of 
smaller ones get to the 
pulmonary portion (compare 
with slide No. 2-1) ^ 



6; 



Slide 
Number 

2-15 



a-ie- 



' Topic % '. ' 

Frequency. of Individual « Symptoms 
Experienced by Residents of Donora 
Ai^ea during October, 1948 smog 



Effect of' Particulate on. 
Vegetation 



(Comment 

Note ehe percentages of [ 
respiratory symptoms . 
Lower respiratory symptoms 
due to smallersize 
particles as ahpwn in 
slide No. . 

Fly ash damage^to 
Hydrangea 
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INSTRUCTOR 9 
LESSON PLAN O 



Subject: principles OF COMBUSTION/- INTRODUCT;pN TO THE MOVIE 

Objective: The student should^be able to list the four items necessary 
for efficient combustion/^ list the chemical elements which combine with 
oxygen when fuels burri, and identify the causes of poor combustion shqwn 
in the movie, "3 T's of Combustion." ' 



Suggested Time: Movie and remarks - 45 minutes (Moyie alone - 30 minutes) 



Required Equipment: 35 mm Slide Projector; 16 ran sound movie projector with 
take-up reel of 12'* diameter. "\ ^ V 



LESSON OUTLINE 



/ - 



[introduction: 

We are next going to watch a movie that describes how to 
obtain efficient burning without producing black smoke. It is 
called "The Three T's of Combustion" and what it says about the 
necessity for time, temperature, and turbulence plus oxygen or air 
is true for any type of combustion, whether it be the burning of 
coal in a furnace, gasoline in an automobile engine, trash in an 
liij^^/torTor^ jet fuel in an airplane. 

Before we see the movie, I want to mention some of the main 
I points you should watch fbr^in the film. 

I, Point out that most fuels contain carbon and hydrogen plus 
small amounts of unwanted aulfur and nitrogen, all of . 
which combi-ne with oxygen in burning. 

A. Hydrogen plu^ oxygen gives water vapor and heat 

B. Carbon plus oxygen giv^s carbon dioxide and heat 

C. Sulfur plus oxygen gives sulfur dioxide and a small ^ 
amount of heat 

D. Nit'rogen plus oxygen gives nitrogen oxides 

E. Exc^jpt for some forms of carbon in coal and free 
nitrogen in some gaseous fu^ls, none of these elements 

^ occur in pure form i(i most fuels. Thus, to get the 



Aids & Cues 
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LESSON OUTLINE 3 



Aids 6 C 



full outpxit of. the combustion, we need to control the 
conditions of burning the 3 T's and air (or oxygen) ; 
Describe the parts of a kerosene lamp and how alterations 

in. the burning' conditions within the lamp will produce 
incomplete combustion. 

A. Parts of the lamp 

1. glass coi\J:ainer fox;, holding the fuel 
. 2. wick • . •* ' 

3. grate 

> 4# diffuser or tuyere (pronounced ''tweer^') 
5. lamp chimniey 

B. Conditions producing inco\j^lete combustion or » 
inefficient burning in the lamp 

^ ■ ,1. no tuyere - lack of mixing (turbulence) 

2. no chimney « too much cool air (time & temp.) 

3. cold chimney - lack of heat in the combustion 
area (temperature) 

4. too much air - wasted heat 

5. / too little air - unburned fuel 

C. Methods of increasing air and eliminating smoke 

1. taller chimney - increased draft 

2. > raise bottom of lamp -» overfire air 

III. Show Movie "The Three T's of Combustion." 

IV. Summary and application pf the 3 T's to furnaces 

A. For all the catbon arid hydrogen to combine with 
oxygen. The needs are: 

1. ^ sufficient time 

2. adequately high temperature 

3. sufficient turbulence 

4. these conditions prevent formation of CO and smoke* 
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LESSON OUTLINE 3 



B. Methpds for increasing the. 3 T^s irv^furnaces 
1« temperature ♦ 

a, preheat air 
0 b. insulate combustion chamber 
^ c, design chamber to reflect heat inward 
1. turbulence .^.^^ : — — ^ . . .)^, 

a. bafflds 

b. air jets 
3,> time 

a* baffle design 

b. adequately size(% combustion chamber 

C. Principles to check if there is a smfllty flame 
1. too much air / 

* 2. too little air ^ y 

3. insufficient i\j^xing ' ^ 

4, cold furnace 

D. All fuels or combustible materials burn as a gas. 
Solids or liquids must be transformed into ga$eous 

^ state by sufficient heat. 



Aids & Cues 
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( INSTRUCTOR . 
^ LESSON PLAN 4- 



Subject: 



COMBUSTION OF FUEL 011^ - CORRECT PRACTICES 



Objective; The student should be able to dlf ferentlate^TS^een the 
characteristics of distillate and residual oil, define fractionation and 
cracking, identify the types of boilers, list the types of draft systems, 
explain the necessity for soot blowing and the recommended frequency, 
identify the causes of poor burner operation, and identify the cyjmposition 
of the different colors of emissions that may accojhpany fu6l oil combustion 
and the combustion conditions associated with each. 



Suggested Time: 40 minutes 



Required Equipment: 35 mm Slide Projector 



LESSON OUTLINE 



Aids & Cues 



Introduction: 

The incomplete ^^bustion of carbon-conta^^ning fuels is the 
cause of blac\c smoke. The three principal hydrocarbon fuels today 
are coal, oil, and natural gas. Generally the burning Af natural 
gas does not produce Si black plume. Complete^combustion of coal 
a|id oil will not produce a black plume either. However , complete 
combustion of these two fuels is^ not always achieved. 

We wilSb. now ^iscuss* in two lectures the burning of fuel oil 
and coal. ' You, as a^ air pollution control officer should know 
something about th^ composition of these fuels and the mechanics 
of burning thei^ If black smoke ife emitted something is wrong in 
the combustion operation.^ You will have to go into the boiler 
room for an inspection. While these next two lectures will not 
make you a combustion engineer, they will discuss some of the 
basics and relate them to the three T's of combustion. ^ 

The first lecture will cover the burning of fuel oil. 
I. Explain the refining of oil and the classif ica):ion of fuel 

oils produced by the fractionation 



A. Refining of ^crude oil-distillation and cracking 
I* composition of crude oil 
2. distillation or fractionation 

1 V — — 



4-1 
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LESSON 0UTLTNC4 



2. 



^olllngifto separate the fractions 
b, products 

1) distillates 

2) residuals 
3» cracking . ^ 

a, change In hydrocarbon structure 

b. heat, pressure, and most often catalysts, are 
required 

redistillation 
Grades of fuel oil 
1. classlf lea by number 

a. distillates: 1 and 2 

b. ' residual: 4,5, and 6 (Bunker C) 

c. Number 3 no longeif^us^d 
Each gtade must meet standard specifications 
a, list the specifications 

3, Characteristics affecting air pollution^ 
a, viscosity 

1) define and discuss 

2) variation between residual and distillate 
, b, sulfur content 

1) range 

2) limited for distillates (Bureau of 
Standards) 

3) desulfurlzation 
* c, ash content 

1) maximum of 0,3% 
d, types of hydrocarbon compounds in crude oil 
and their characueris tics 

1) paraffins - burn easily. 

2) aromatics - cracking 
■ 

3) clef ijis - hard to burn 
63 
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' LESSON OUTLINE 4 


Aids 


& 


Cues 1 


II. 


fDiscuss 


the equipment used in burning fuel oil and trans*^ 










' forming its energy into useful'heat 










A. 


Reqi 


lirements for complete combustion - 3 T's 








> 




1 / 


all fuel burns as a vapor (gas) 


i 




\ 








a. vaporization of fuel time^ and turbulence 












b. atomization of fuel 












2. 


flame in combustion chamber must be hot -temperature 












a. combustion chamber sizB - time 














1) too large - cooling (poor mixing) 














2) too small ^ insufficient timf 












3. 

• * 


oil drop burns in layers 

a. mixing is required - turbulence and sufficient 
air 












Burners 












1. 


vaporizing 

a. heat oi|l in burner 














b/ used for residential furnaces and water heaters 










2. 


atomizing 














a. steam or air 














1) break up fuel oil stream at burner tip 














2) t-steam keeps temperature high 














b, oil pressure ' . 
1) high pressure breaks yp the jit op lets 














c, rotary cup 


4- 


•5 






i 




1) tear oil film into drops by centrifugal 
force 

H 2) vertical rotary - domestic burners , 
3) horizontal rotary - residual oil^ . 
d. mechanical .jj^^ 

1) use both high oil pressure and centrifugal 


4- 


-6 






• 




fdrpe * 














2) steam - electric power plants 








\ 




3. 


burners and viscosity * ^ 
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a. proper operation only between narrow viscosity 
limits 

. ly air to fuel ratio mu^t be coij-tijCt 

b. preheaters 

1) most residual oil must bei warm to allow 
pumping 

2) location ' ^ 

4, Hydrocarbon combustion 

a, ,hydroxylation 
1) blue flame 

\ 2) moleculeq" combine with oxygen 

b, decomposition (cracking) 

1) yellow flame' 

2) hydrocarbons decompose into lighter 
compounds 

c, mixture of hydroxylation and decomposition is 
ideal for good combustion 

C, Combustion Chamber | ^ 

release is imp^ortant factor 

a, too high ^ excessive furnace temperature 

b, too low - excessive cooling and smoking 

2, size determines heat release 

3, shape prevents flame from hitting chamber sides 
Boilers , 

1, used to heat or vaporize w^er 
2* • fire-tube A 

a. heated gases inside tubes 
;7' b, water outside tubes 

c, use^for small and medium-size Industrial 
boilers j 



Aids & Cues 



3» water-tube 
/^a, heafed gases outside tubes 
h. water in^de tubes ^ 

A 
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Aids & Cues 



its 



, sections may be Joined together 
. meil 



E. 



2. 

i 



F. 



( 



c. used for all large steagj^electric pfower plants 
and many industrial baile 
4* ffectional 
a 

b. TVieither v/ater-tube or fire-tube 
Draf t terns ^ 
1» natural Jr 

a» difference in pressure between gtack and 

. outside air 
b. back presstire ^ 
v,^^lX. too small stack 
2) too large stack 
induced \ 

a. fan pulls combustion products from the com- 
bustion chamber and through other passages 
forced 

a. fan pushes combustion products through 
# the combustion chamber 
SoojL blowing 

1. carbon and inorganic ash solids adhere to heat 
exchange surfaces in boiler 
a» dieposits must be removed for good he^t 

transfer 

b/ soot blower - jets of steam or air 
c« particles ai^e picked up by gases and cause 
excessive opacity 

2. freqifency 
a» rax:ommended every 2 or 4 hours 

^ 1) little' increase in opacity ^ 

y 2) dust collectot (if, any) not as badly ^ 
overloaded ^ 
8 to 24 hours not recommended ^ 
1) increase in plume density; dust collector 
(if any) overloaded 



L 
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LKSSON OUTLTNl- 4 



;".;i,«st: i:he t^ J^-t'tii-'^'Ut inu:")H■lOa^s .ir L^^uv', Irrom Cue L oil uom- 
oa^Lon|»and expiaia which onea oaa he concroiieu by 
proper burning praccicas 
.» . air polLucancs dvom fueJ. oil burning 
L, actributrabid J:.o luoi ^^cade 
•a» suifiur oxiaeij .-• 
b« ash 



) Aids Oues 



2* affected by. burner desijfen and operation 
a. carbon ^ 
b» carbon monoxide 
c# aldehydea 

d. organic acids 

e. hydrocarbons 
* , f . nttrogan oxides . 

3# poor burner design or operation 
a# signs - 

1) appreciable odor 

2) smoke 

\ 3) eye irritation 
*b# causes * 

1) burner and fuel not compatible 

2) burner not properly adjusted ) 

3) poor draft 

4) improp4C-£wel-to-air ratio / 

5) .poor mixing 

6) Insufficient turbulence - 
7p low furnace temperature 

8) insufficient time for burning in the 
combustion chaljiber 

flame hittint; side of combustion chamber 



9) 

10) improper fuel| temperature 

11) improper fuel ox^steam pressure 

12) diAy, ^orn/ or damaged burner tips or 
rotary cup. 
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B. black smoke and white smoke ^ 

1. / black 

carbon particles 
b, unburned hydrocarbons 

2, brown or white 

a. finely divided particulates - usually liquid 

1) result from vaporization and condensation 
of the oil without combustion 

2) caused by excessive combustion air 
(cooling) or loss of flame / 

3» visible plumes accompanying complete combustion 
a. large oil-fired steam generators 
b» cau$es 

1) inorganic ash particulates 

2) sulfuric acid mist 
^ c, particulates f 

1) dependent /Upon /type of fuel 

a) dist^late - low ^sh 

b) residual - higher ash content* 

2) size 

a) ash - 85% are less than 1 ftiicron 
I '(except durinp soot blowing,) 

b) upburned carbon or hydrocarbons - 
larger particles 

3) cenospheres 

a) carbon particles resulting from 
incomplete combustion of r^idual oil 

^) hollow, blacky 'spherical, low density 

c) size range - 0.1 to 1..0 micron 

4) distribution by type 
, a) ash - 10 to 30% 

b) sulfates - 17 to 25% 

c) cenospheres - 25 to 50% 

* * <. 
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5) 



Aids 6t Cues 



2) 



Ash and sulfates are controlled by fuel 
content while cenospheres are controlled 
by efficient combustion. Modern steam 
generators burning fiuel oil produces very 
little combustible material.' Visible 
emissions from these plants are essentially . 
attributed to finely divided inorganic 
materials - notably sulfur trioxide and 
inorganic materials, 
sulfur oxides 

1) distribution in exhaust gases 

a) SO^ - 95% - colorless, 

b) SO^ - 5% - can combine with water vapor 
and condense to. form visible sulfuric 
acid mist 

sulfur trioxide 

a) concentrations are negligible in small 
' equipment and increase as equipment 
sizes, firebox temperature, and sulfui 
content of fuel increasej 

acidifies particulate mat\yer ~ acid 
spotjjing 

causes of increas^ in SO^ emissions- 
high combustion temperature, too 
much excess air^ fjiel sulfur content, 
dirt on heat exchanger tubes and 
small quantities of metallic metals 
contained in the fuel acting as an 
oxidation catalyst (V, Mn, Fe, and 
Nl) . , 

shade of plume ~ varies with 
Weather and nnrticul 'te comnositiun 



b) 
c) 



d) 



f 
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Aids & Cues 










1 




ing its dew-point at some smaU 








Qisuance downstream rrom the lip 






% of the stack. 








p prt«#-*»rti A/1tt•(nTncltl^ fnr^ rpAldual oil""f Ired combustion 
La uontrox ecjuipmenL ror lcoj-uucxj. ^ ^ 




1 




1« centrifugal or cvclone collectors 








a. not Jpf ficient in removing particles leas than 








5 n^crons , ^ „ 






> 


b# used primflirdly for control during soot blowing 








^ 9 p1 pp ^T^flt■fl tic nrpcioi tators \ * 
ii r/iTi rtit D Articulate loading bv 90% 








• 






1 

b# SO^ emissions cut by 50% * 






■7 


3. fabric filters - potentially important in the <^ 


• 






future . j 








IV. Summary ^ 








Fuel oils used in combustion are of two types— distillatre' 








and residual. The distillate oils are low in ash and sulfur 








content and thus produce Vist^ile plumes only when there is in- 




V 




compl:ere cdiBbastio oils are higher in sulfur and 








ash so' that ev^n under good combustion conditions visibj.e 






4 

r 

) 


plu^^s consisting of inorganic ash or sulfuric acid mist may be 
emitted. These visible emissions Can be controlled by electron- 
static precipitators and fabric filters may come into increas- 
ing use. . 

With careful attention to such things as burn^^r mainten- 
> / .'.> 
ancjf and adjustment, proper fuel usage, preheating of fuel, 

and correct soot blowing schedules, there should be no illegal 

black plumes from the combustion of residual fuel oil. 

/ 

Note: At his option the course director may replace this 
lecture with the film strip entitled ^^Ccjmbustion 


: / 






Testing." This film strip is included in the Sources oi 




I 


ft. 


^Course Materials listing. . - , 
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iteuCTOR* C 
LESSON PLAN 0 



Subject: COMBUSTION QF COAL- -CORRECT PRACTICES 



Oblec^Vve: Student should be able to list the types of coal, di£ferentia*e 
betweenVproximate and ultimate analyses, differentiate between the causes of 
the varifous colors of coal combustion e'missions, list the different types , 
of particulate collection equipment, and identify the effects of the following 
on the creation of smoke from co'al combustion; coal factors; combus.tiop 
equipment; combustion factprs (time, temperature, and turbulence). 

. — - — ^ ■ ■ ^ 



Suggested Time: 40 minutes 



Required Equipment: 35 rm Slide Projector 




)N OUTLINE 



Aids & Cues 



Introduction: ^ \ 

■ Through the years i|Ost of the black plumes emerging from 
chimneys have been cauaed by the burning of coal. As gas and oil 
replaced coal as the fuA heating many homes and^other 
establishments ^ ^the amount of black smoke on the horizon 
decreased. The installations that burn coal have increased 
thelr~use of more efficient collectio n devi ces in order to reduce 
the emission of ash and unburned carbon. , In recent years, much 
emphasis on air pollution control of coal combustion has~.be^ 
giv^n to the reduction of sulfur oxides. u ^ 

/ However, the burning of coal is still a principal source of 
•energy for the production of electric power, and coal iSjUSed in 
numerous larger plants. Vast reserves of coal remain to be mined 
and burned. You should 'understand the ftiethods that have been de- 
veloped for Iburning coal and what effect they have on the. visible 
emissions. 'The composition o*- (The coal varies. For example,' mines 
in Wyoming produce coal that, h^s characteristics dif ferent ^from 
West Virginia coal. These differences require changes in the com- 
bustion equipment . 

Finally, if coal combustion is producing a plume of an 
•ille^^al opaGlty, you munt also suspect that somewhere in the 
burning, operation one of the 3 T's of combustion in not being 
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fulfilled sufficiently, or there is trouble with th6 dust colle 

This lecture will cover the classification of coals, coal 
burning methods and e^fuipment, and some of the causes of 
Vis-ible plumes ah'd the preveijtive practices t.o avoid black 
smoke. 

I. List the various methods for ctassification of coal and 
point out the importance of a coal's volatile matter, 
ash, sulfur, and heating value to air pollution emissions 
A, Types of coal . . 

1. anthracite 

2. bituminous 

3. lignite . ' 

4. N preparation of coal * . 
B# Composition of coal • . 
' 1, proximate analysis 

a, |, volatile matter 
I fixed carbon 

c. ash. ^ 

d. moisture content 

e. other ^. 

1) sulfur content 

2) heat content 

2. f ultimate analysis * 
i a* hydrogen 

b, carbon ' 

c, oxygen 

' . d. nitrogen ' 

» 

sulfur 
f^ ash 
g. moisture, 

3. .size 
a. screen analysis 

C. Coal composition- and air pollutionr. 



Aids & Cues 
^. ■ 

ctor . 
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1. volatile matter— incomplete combustion results in 
partially burned particles: soot and black smoke 

2. ash 

a. particulate emission 

b. high ash coals— power plants 

c. low ash coals— retail usage " 
' d. some can be removed in preparation plants 

3« moisture 

' a. redjdces coking in stokers 
b« reduces dusx 
.4. sulfur. 

a. pyrltic sulfur ' / 

1) some can be removed 

2) most of the sulfur is in this form 

b. organic sulfur— cannqt be removed economically 

c. combined sulfur 

1) in sulfate fo.rm 

• 

2) cannot be removed ecpjiomically 

d. high svilfur xxoal- high in all three . forms of 
sulfur ^ 

H. Introduce several terms that are commonly used im 
dlscu^sFng coal c^ombustion 
^A. Furnace system cTiaracteristics ^ 
I. fuel bed ^ 

a. ^ grate " • , 

, 2. fuel feedirig method . ^ • 
^a. ifnderfeed stoker , ^ % \ 

♦ 

b* overfeexl stoker 

c. . spreader stoker 

d. pulverized 
* 3. air i , . 

a. underflre air 

b. over fire aiif . ' 
A . ar(*h ■ ^ . * 

L a, refractory matef'-lal 
^ ' ^ — ^ — ^ — 



Aids & (^es 
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Aids & Cues 



5. heat exchange equipment • 

a. radiant heat absorbers 

b, boilers 

1) fire tube 

2) "flr^e box" 

3) water tube 
c* superheaters 

d. economizers 

e. air preheaters ^ 
6« breeching 

a. orlglrfally, the cohnejb ting, link between the 
furnace and the chiwmey 

b. now, may contain a^fyeral pieces of equipment 
?• draft 



forced 
b. ^Induced 
latural 
^•'d. furnace 
e« draft losses 



I 



0 



III, 



8, coke 

/ 9. carbon In the asn • , * 

^ 10. slagging 

Discuss the basic principles of coal combustion^ and 
describe the principal types of mechanical coalj firing 
equipment ^ t 

A* Burning <yf boal ^ . 

1. combustion process 

a. vaporize solid by addition of heat 

^ b. burn the gas - * 
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Aids & Cues 



1^ 



2a butning on grates 
a* , overfeed • 

' 1) coal from top 

2) air from below 

3) 4>urning from bottom to top in layers 

a) layer of psh 

♦ 

b) oxidation .zone 
reduction zone 

d) top layer hydrocarbons and tars 

driven ofjE 

4) top layy: produces smoke 

a) ''secondary" or "'combustion** air can- 
03cidize the volatile matter and reduce 
smoke 
b, underfeed beds 

1) coal'^from below 

2) air from below 

\ 

3) volatile itiatter is driven off at* bottom 

'\ 

of bed and feurned in ample air 
♦ I 6) comparatively little smoke produced , 
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2. 



3. 
4. 

5. 



6. 



{ 



Mechanical coal- firing equipment 
1. overfeed stokers 
underfeed stokers 

a*^ single retort— used with smaller boiler 
b; multiple retort 
traveling ^rate stoker 
vibrating grate stoker 

a. increase in fly ash because agitation 
spfdodjer stoker * . ' 

a. coal thrown i,nto furnace 

b. partially burned in st^ension j 

c. over fire jets required to reduce smoke from 
the overfeed type of burning 

d. particulate collector required 
pulverized-'coal firing ur^t 
a/ types ♦ 

1) wet bottom 

2) dry bottom \ . 
bi median size of pa^tlclea— 5 microns 

c. used In steam-electric power and other large 
^ [Plants ^ 

1) 50-^80% of the a^h lln thq coal leaves 
boiler as fine fly ash 

2) requires high efficiency dust collectors 
7» cyclone furnace 

a. ua^d In large steam-electric power plants 

« 

b» fires crushed coal 

c» coal and ait' circle around a cylind^cal 
chamber ^ 

d. , 85% of the ash is retained as slag 

e. ash escaping Is vey fine ' 
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8. fly ash relnjectlon ^ 

a. used with some types of coal-f ii:in[' equipment 

b. cinders are returned to grate for reburnlng 

c. Increases total flyash 
IV. Itemize the causes «of particulate emissions and visible 

pl-umes arising from the combustion of coal and ^Ive some 
methods for reducing the visible emissions 
A. Plume composition and plume colors 

1, condensed water vaporv- -white 

2, ^ulfur trlo;:lde and r3alfurlc acid mist— detached 
blulsh-whlte plume tha.t does not readily dissipate 

3, organic liquids or solids— 'whlte, yellow, or 
brov^n ^ 

4, particulates (Including fly ash)-^ light grey, 

^-^jrown, or black 
black smoke 

1) small unburned or partially burnqd solid 
carbon or liquid hydrocarbon particles 

2) caused by Incomplete combustion of 
volatile part of the fuel followed by 
cooling of these unburned ^sei3 until 

^ ^ - particles are formed— 'Soot - 

b. light grey or brown * • 

caused by the ash of the coal; very 

little frfee carbon 
B, Causes of emissions of Smoke and particulates 

^ 1, coal factor© * 

a. coal slze^-r^smallef slJses are more easily 
swdpt up the chimney 
' b. volatile content 

1) high volatile coal 

.^J^ greater po^rtion of ^hydrocarbons 



/ 



/ 



which, wfien not completel;/ burned, 
produce Hoot and smoke * 
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b) 




b. 



long flame that may strike cool 
Burfaces of furnace and produce soot 
2) low volatile coal 

a) burns with short transparent flame 

f 

Cp ash content — greater the ash content of the 
coal^. the higher the emission of fly ash 
2« combustion equipment and methods 
a. type of firing 

1) least generation-underfeed stokers 

2) greatest generation-pulverized fuel \xcip: 
firing rate 

1) higher rate results In Increased gas 
Velocity 9 which causes more ind larger 
particles to be carried out of furnace * 
furnace ^design 

1) smaller quantity of emission from larger 

furnaces 
secondary air jets 
1) ^tend to reduce emissions 
fly ash relil^Jectlon 

1) accumulation of %sh resulting In Increased 
emissions *N 
3, improper combustion ~- 3 T's of c^Kbustlon <^ 
a. possible reasons for insufficient turbulence 

1) Insufficient bverflre air * 

2) plugged overfire air nozzl%s 

3) Improperly aimed nozzles 

4) * Incorrect burner adjustment ^ 
possible* reasons for . Insufficient temperature 

1) too much air (usually overfire air), 
which chills flame 

2) cold firebox - ^ften caused by excessive 
furnace draft; start up or rapid load 

■ _ ^ ■' -.1 .'^i. i . I . 1 ,1. - I I -' i 1 • ■-H fW- iJ ■ 'inf.i--|. i;i --yr: 
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Increase 

3) furnaoe too large (low firing rate-low load) 
possible reasons for improper distribution of 
' fuel and air 

1) uneven depth/ of fuel bed / • 

2) plugged air holes in gtate 

3) clinkfir that i jshuts off air^ flow 

4) leaky seals arouihd edges of grqte 
^ 5) incorrect burner adjustment 

prop&r fuel-to-air ratio and the furnace flame 
X) good burner adjustment 

a) yellowish orange color 

b) no black tips 

c) soft 

2) too much* air 

a) wJwW^r color 

b) harder ^ 

3) too little air 

a) black color 

b) lazy 

c) soot may form 

Cp Control EquipmentT for collecting particulates from 

< 

coal combustion 




It settling chamber 

a* used for hatural-drafjf stoker unites 
b, ■ efficiency-^ 20 to50 % 

2, larg?-diaineter cyclones 

a, stoker-fired units^ 70-85% efficiency 

b, cyclone furnaces-- 20-30% ellflciency 

3, small-diameter cyclones* 

a, used as i^ecleaners for electrostatic 
■ precipitbtoflTs or final cleaners 

b, 8toker,-£ir ed units — 85-95% efficiency 

79 



5-12 
5-13 



8j 



I 

rr 



T 



LESSON OUTLINES 



c, cyclone furnaces — 30-40% efficiency 
4, wet scrubbers 

a. used only 'to control emissions during 'soot blowing 
' 5. electrostatic precipitators i 

a. most commonly used device for large stationary 

i ' 

combustion- sources 

b, best adapted to puiverized-coal units 
V, Sumna^y 

You know that time, tenqperature, turbul^nce^ and 
y. ' \ \ ■ : . , 

sufficient!^ oxygen, when properly refl;ulated; can reduce or 

eliminate the black smoke ficopi the '/burning of coal. : Howot^er , . 
you also realize that these keys to good combustion fre not 
the entire answer to the elimination of visible plumes. The 
composition of the coal-^-lts volatile content » ilsh content^ 
and sl2e-«»ls Important.; Some types of co^l-flrlng equipment 
ate more susceptible to visible emissions than Other, tyjpe^. ; 
AlsOy there are several kinds of device^ for oollpctli>g ; '\ 
particulate matter, but these devices have different efficien- 
cies and some can do a better job on part tculaiff types of A . ; 
firing equipment. Tou need to be a,l6rt to all these pos si** 
bllltles when making your inveatlgatlons of fimlssloi^s from 
^oal combustilon. . . ' ' .C; V''-^i ' ' 
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Objective: "The student should be able to identify the types of incinerators 
and the kinds of agricultural burning, state the basic points of a visible 
amfssion tftgiilqtion for mobile sources, and identify the causes of visible 
plumes originating from the following: incinerators*, natural gas fcombustion, ^ 
gasoline engines, diesel engines, and jet engines. 



' W * 

Subjcsct; OTHER COMBUSTION EM1SSI0I#: INCINERATORS, AGRICULTURAL BURNING, 
NATURAL GAS, AND MOBILE SOURCEii 



Suggested Time: 30 minutes 



Req.uired Equipment: 35 mm slide, projector 



LESSON OUTLINE 



Introduction: 

The preceding two lectOTes discussed emissions from the 
burning of coal and of fuel piU The Ringelmann chart for 
judging the shade of black plumes was originally devised and used 
for smoke from coal and fuel, oil fires. ^ . 

Ther^ are other kinds of burning that takes place Involvln,?, 
materials other than coal and oil. . Some of this combustion is 
done to dispose of solid waste and the energy produced is not 
user^, although efforts are being made to utilize the heat from 
the incineration of -solid waste materials. Other combustion 
from which the energy if? not used included the Intentional ^ 
burning of weeds and cuttings in agrlcultural\ields and the - 
accidental burning pf bui,ldings^\^d forests. 

A considerable portion of the combustion of fuels ...IrOTJay 

involves gasoline > diesel oil,**and jet fuel used in tt?pns-. 

• , ^ .» 

-portation. ^ , • 

All of ^hese other combustion processes will produce 
visible plumes sometimes continuously arid sometimes inter-- 
mlttetltly depending upoy the type of fuel, the condition 
of ttie engine or combust i6n device, and the atmospheric 
conditions/ In many cases, the plume will not be a shade 



t^any cases, 
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of black or grey;]l5ut white or bluish of various densities. 
Often all or parfr of the white will be caused by wateri^tf^or. 
Sometimes, as in the case of structural building fires or 
forest fires, there is no offender that can be charged with a 
violation under the visible emission regulations. 

Thus, the combustion of materials other than coal and 
oil are going to generate visible plumes that will present 
problems for the air pollution inspector besides the ques- 
tion of whether* their density does or does not exceed a pre- 
scribed Ringelmann Number or equivalent opacity. You will 
also have to judge their composition, whether the local 
regulations' apply to them, and whether any change can be 
made in their sources^^ich will reduce, the visijbility. 
You may have to '^efend your judgments before a judge, a 
legislative group, the public, or ttje operator of a 
source. 

I. Describe the lise of burning to dispose of waste^ material 
and the types of visible emissions that are related to 



incineration. 

y 

A. Types o^ incinerators andUtiiei-r characteristics 

1. chambers 
^ a. single 

b. multiple 

2. incinerators, classified as to size arid use 
a. backyard ^ y 



b. apartment house 

c. commercial or industrial 



Aids & Cues 



d. tepee burner 

e. municipal 
pathological 

Pluntf colors and their relktion to fuel type 
1. dark and light colored) plumed * 
% moisture, in the waste and lighter colored plumes 



6-1' 

'6-2 
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34 large fly aeh jarticlee and subraicron particles 
4^^ results of • a sludy of smoke density In relation 
to material burt>ed In a teepee Incinerator 



Co Partxcle Collectors u^d on Incinerators 



Application of higher standards 
erators 



■k 



Municipal I/^cln*- 



/ 



E. Incineration for Agricultural purposes 

1, Burning that can be scheduled for b.est dispersion 
conditions 

a, meteorological factors, forecasts, and permits 

b, removal of logging slash * 

c, pre-harvest clearing 
c. weed and brush removal 

2« Unscheduled burning f " 

a, burning for frost prevention 

b. , disposal of diseased animals or vegetatibn 
3. Relation of plume density to burning conditions 

a« combustion temperature. 

b«* residence time 

c« moisture content pf the fuel 
IF. Operation methods to reduce sjupke 
Discuses emissions fro^tn combustion ^f natural gae 

A. . Ct)mpo3ition of natural gas ; 

1. very ^low in sulfur 
.2. very low in ash 

3« promote good combustion since it hae a 
hydrogen-carbon ration > 0.26 

B. Burners 

1, atmospheric ^ 

2* mechanical draft 

» \t 

C. ' Visible Plumes ' / 

1. white ^ ^ 

83 ^ ^ 
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Aidses Cuest 



' a. water vapor caused by high amount of hydrogen 
b. occurs more frequently when relat||^ve humidity 
is high ^more moisture in air, Ipwer atmos- 
pheric temperatujpe 
2* black 

a. caused by improper operation of hurnc 

b. insufficient combustion air 
1. other indications 
2« causes 

IIL Identify Jihe types of engines usejj^dn surface vehicles and 
aircraft, explain their operating princip^^, arid why 
they sometimes produce visible smoke, 
A# Types of mobile engines , 

1. internal combustion "'^^ 
a* gasoline and diesel engines , 

1, cars , trucks , airplanes 
^ 2. large trucks , busses , locomotives , ships , 

*^irth-moving/4qui?fmient 
four^«1s;oke and twoAstroke cycles - . 
1. intakK^^^^^^^^^x^ 
* 2, compression 

3. expansion 

4. exhaust 

c. Ignition 
1. spark - gasoline 
2^ Compression - diesel \ 

2. aircraft - gas turbine or jet 

a. compressor, combust;or, turbinlp, and tailpipe 

b. principles of i different types 0f jet engj.nes 
, 1, turbojet 

turboprop 
3, turbofan 



8A 



> 6-6, 6-74 



"3 



6-8 



9. 



5 



\ 



f 



LESSON OUTLINE 6 



Aids & Cues 



B. Visible emissions from mobile sources 

4 

J 

1. gasoline engines 

a. ' particulate emissions 
1, source 
2# composition 
size. 



3. 




be colors |of smoke and their causes ; 

1. white - water vapor 

2. blue - burning oil 

3. black - incomplete combustion o£ ^gasoline 

2, dlesel engines 

[ a. composition of smoke and size of paifticles 
. b. engine power related to fuel injected 

1. open throttle 

2. rich fuel-to->air t8i\ 

c. observance of manufacturer 'sSj^ecifl cations 
and maintenance of fuel system 

m 

d. improper setting - more power and ^ore smoke 
$ 



C, Jet engines 

1, fuel-to-^ir ratios 

a. low during flight 

b. high during 'takeoff and landing 

2, cormpftsitlon emissions 

3. amount ot emissions related to power settings 

4. only ^deral standards for , aircraft ; enforced only 
bv Federal government 

D. Visible emission ordinances and mobile sources 

1. applied' to autpmoJiles , trucks, locomotives, and 

• . ■ ships 

is. limitations on interstate commerce 
b. s.moke that"'draws attention" to vehicle 

2. not. applied to aircraft - Federal enforcement on 
emissions preempts' state regulations ^ 
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a. Inspectors not required to make visible emission 
evaluations 

'b. smoke emissions measured by» Federal G9vernment 

using reflectance 'test of withdrawn filtered 
f sample 

IV. Summary « 

The shade of pmoke from incineT;ation is often related to 
the- "type of mater iaj. tjiat 'is being burned. Some materials 
should not be burned^ and much less smoke will be created ±f 
those that are Jburned are disposed 6f in multiple-chamber 
incinerators • 

* Agricultural burning should be controlled as much as 
possible by restricting it 'to^dayfe-v^ atmospheric condi- 
tions will aid dispersion but will not increase the risk 
of accidental fires. 

Under high humidity and low atmospheric temperature 
conditions, the burning of natural gas will produce ciense 
whit,e plumes coflJJosed of water droplets. 

Most of the emissions from gasoline engines are - 
invisible. However, during warmup on cold days there will 
be a water vapor plume. Black or blue smokfe indicates that^ 
the engine is in need of repair. Continuous emissions from 
a dlesel engine also me^ an engine adjustment is required. 
Howeveu, sometimes the diesel engine has been adjusted de- 
liberately to give more power at the expense^ of increased 
fuel bsage and waste* 

Jet aircraft engines are not eva^luated for visible 
emissions. Instead, dmoke emissions are evaluated while 
the jet engine is being certified on a test stand by the 
t'ederal Government. An ^exhaust filter sample is collected 
and the filter is measured by a reflectance tedt to mefet 
a specified smoke number* ^ ' . 
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Subject: 



NON-COMBUSTION, liMlSSiJONS AND WATElt WOR PLUMES 



Objective: The student ghould be able to list severaf industrial opera- 
tiono in hisc region that " emit visible pluifies*, desci/ibe thi points ia 
these proc^ssQS at which the emissfons occur, and describe the exterior 
appearance of the source of the plume. He should also be able to define 
relative humidity, identify a wet plume, list several sourccb orf^jWet 
plumes, and' explain the effects of temperature and relative humidity oih 
wet plumes. 



Suggested Time: 40 mi*iutes 



Required Equipment: 35 mm Slide Projector , ). 



LESSON OUTLINE 



Inferoduotion: > ' , . ^. 

' If ai^ pollutant emissions are categorized,, many of the 
sources f;pX'l :*ri*the classifications of fuel, cpmbustiph, transr 
pojrtation, and -solfd waste disposal. All of ; these caiL.be filej^i 
unfler combustion. The one maior cla^a of sources' that does not 
fall in combustion is called ''industrial process-^losses.V The 
process ^pollutants are emitted, in several iormj^y^^hxmesy dusts-, 



uL tall* 



. mists, gases, and vapors. Th6y cannot truly Be tailed smoke 
since smok^ should be used to di^cribe only the visible effluent 
resulting from incomplete combudt*! on' and consisting mostly of 
,adqt and fly ash. , ' • > 

\ / These non-combustion pollutajnts may be emitted fropi many 
ope»ratfot]is including grinding, melting, cooking, and handlifl^, 
•» Whether they are visible* or not wilV^e^nd on their nature, 
their sJtze, and whether they pmerge in selid, liqi\id, or gaseous, 
form, 

* Most industries make some provision for limiting the amount 
of these process losses rdl^hing the atmosphere^ Thus 
cyclones, wet scrubbers, el^trostatio, preoipitatore , And fabric 
filters ^re standard equipmeAt In mSny pl^fitB. '.^^Ijimoval of 
1 p^irticulates, vapors, gases, and heat from, the exhaudt stream by 
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washing with watei'li^used in many Industrie^, In this 
process, -^.arge^li^ntitiee of water vapor are emitted to the v 
air and resvilt In Very Visible white plumes. While these wet 
^umes are primarily, made up of condenaed water vaj^or, they 
wllX-Also generally contain iaorae 0f the pollutants since no 
collector is 100% efficient. ' ' • 

Of the, many Industrial sources of visible non-feombustion 
plumes,, I will '^fiicuss a feW that are located In and around 

this area with addltlpn^l comments concerning some of the 

♦ • * . > 

irjdustrles that are considered as major, nationwide r^alr ^ 
pollvtlon p^^blema. ' ^ * 

The emissions from many of these Industries are regulated 
pritaarily by ordinances other than Rlngelmann or 
opacityjsuch as^ process weight rules. Howfe^^er, the visible 
emissions regulations ar'^ generally written 1^ be all 
encompassing "bo t^at they qoyeV furaes^ d^sts, vapors,, etc. 
T?he smoke Inspector may thus required to make density 
evaluations on plumes fti:om soi^rces where the problem Is not 
incomplete combustion^- 

I would like to ppeak- flg:st about some equipment and 
termlnologji; that Is used in several Indus trted and then go^ 
into ^heidescrlptlon of several Indys tries. (Tbe Ins,tructor 
[vJLesson Plah outlined he?:e contains^ morp^materlal tha/ c^n be 
covered in tjie allotted time. ) - \ y ■ 

The instrifctor should|^tallor this lecture to the 
Industries of his area, discussing th6 onejj that the smoke* 
Inspector *w^ll spe. Information is given on several typical 
lndusti:les alt\d assoC/ated equipment. If th^re] are 'industries 
in the area that ?nilt visible j^lumes but are not 
described in the text, the instructor should plan' to take . 
•'pictures of th^se sources and learn about tli^ir operational 
processes. ^ He should* use yhatever information is available^ 
from the company, itself, engjtneering boo*k-8 ancf other*' 

_i ^ : ^ — '■ — ^ — ^ — • — ^ 
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reference bool<s% 



I. •Listv artd^'briefly describe Some ntetallurgical terms, 

several types of furnrftes, and several types of driers. 



r 



A» ' Metallurgical terminology 

1. metals industry 

a, . primary / 

* « 



b. secondary^ 



2. 8*nelting 
3; ' electrolytic -reduction 

m * 

4. roasting' or ca>l'cining ^ 

5. sweating " 

6. steering 

, 7. quencbing ^ 
8, refractory material 
/ 

B, Furnaces 

1; • reverberatory - open hearth 
^2. cupola - used for iron castings* 

3, electric furnaces 

a. direct arc 

. ' bo indirect arc 

c, resistance 
/ ~^d, induction 

eruc ible 
5. pot , ■ » 

C, Types of driers 
1, rotary 

&, direct 

b. indirect\ 
• 2. flash ^ 

' 3. _ spray V 
v4, tray ot compartment 



"V. 
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7-3 
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Describe 'several of tlk^f ollWng industries 
polluting out the sources of atnjospheric emissions, the 
compoa'ttipn of the pollutants (for example, dust, iron 
oxide, fume, etc.) the size of the aerosols, any identi- 
fying color, and the'' emissions that are combined with 
water vapor. ) * 

' ■ ■ ■/'■■• 

A. a Irop and Steel Mills 
• 1. blast furnace 

a. the sitelting process — continuous operation 

b. operation 

c. emissions . 

; ' 1. parti^culafes — dust catcher, "-slips" 

2. carbon monoxide — used as fuel for 
the stoves' * 

2. sintering plant 

a. the process ^ 

< 

b, emissions » 

^3. open hearth furr\ace 

a. , the proces9 (see ^description of rever- 

beratory furnaces)' 

^ b. emissions 

1. ..composition 
' 2. ' size ■ 
4. basic oxygen furnace . 
* a. the process.- faster than open hearth 
b* emissions ' ^ 

1. comparison with op6n hearth 

1^ newer and more economical process, thus 

I additional and better pollution control 

is used * ♦ 

• • ' * • * 

' 5. 6l6ctric.arc furnace 
, a# special uses' 

b. ^ emissions • , 

1. . compos it io*n 
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2. control ' i 

6, ' By-product coke oyens^ * '^-rV 
a» ' process v 
, 1. charging 

2. . coking * ' ^ 
. ' f 3. * discharging • ^ 

4. ' quenching 
b, emissit^s . ' • 

1. composi'lion 

2. emission contr&ls' 
^ c. * by-product gas processing ^ • 

d.' visible emispsion 'regulatiions 

Gray Iron Foundries ' ' 

lo' gray iron and white iron - definitions 

2, - melting and casting of Iron 

** — \ » 

• * » 

3, emissions v . 

, a« dust, smoke, oU vaj^or, fiim^s 
b, size ^ 
p. .control 

4, c^ke oven emissions 

Non-Ferrous Metallurgical Industry 
1, aluminum , ' 

a. primary . * ' i 

1. electrolytic reductian process 

2 . emissions 

3. control methods ^ 
b^ secondary recover^ 

1. v^ocess 



2. emj.Bsions 



5. cofttfol methods ' - 
2. ^.ead and zinc -• of ten done -at same factory^ 

,a. prlrtiafy t , 

. ■ . ^ ■ ^ — ^- 
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J 



* -^X, roaeting, sintering, alnelting, and 
electrolytic reduction 

2. emissions 

3. control methods 
' b.. secondary^ ' ' 

1 . raw materials 

' ' * *■ 

%. emiifsions ^ \ 

^ 3. control methods , 

3. copper ' • 

a* primary ' 

1. , recovery from copper sulfide ore 

2 . ' emissions . * 

b. alloys — boiling temperatures anJ pouring ^ 
temperatures 

1. bronze \imited emissions 

2, ' brass — considerable emissions 
Petroleum Refining ^ 

1. processes , % , 
a/ separation — fractionation 

b. conversion — catalytic cracking . 

c. treating ^ 

d. blending \ ' 

2. catalyst tegenerktio/i ' • - 

a. flufa cata^tytic cracking 

'b. thermofor catlalytia cracking 
c . • emi^sion^ \ ' - 
^d* FCC - new source performance standard of EPA 

3. . airbloWing of aspft|alt 

a* process 1 

b. * emissions \ 

k. sludge burniifg ^\ * ' 

5* flares , . | ♦ * > ^ 

need 1 . ' * 
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b. emissions and control 
Cement and Lime manufacture 
!• ■ cenient manufacture 
a. wet mixing 
. b. dry mixing * 
e, prodtiction of clinkers in^kiln 
grinding 

/ 

2« process emissions , ^ . ^ 

a, dusts ^ ' " 

• b, control . • 1 

lime manufacture 
process ' 

b. dust emissions' and their si^e • 

Manufacture ^ paper pulp in kraft mills 

J., process U'separation of cellulose ■ from lignin' 

a, cookyng in digester 

b. ^yX^ tank * | 
cellulose to finished paij^^or pulp 

d, recovery of chemicals f rom- lignin 
2. emissions / 
a, odorjs 

1. gas eg ^ 

a) hydrogen sulfide 

b) methyl merca^l^^n 

c) dimethyl sulfide 
2t* sources 

a) . digester .blow systems 

b) evaporators ^ 

c) recovery furnaces 
, , d) lime kilps 




.1 
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b. particulates 
1. \ types , . 

a), sodium sulfate 
% b) sodium carbonate 

q) carbon particles 
d) ' lime dust 
"^e) V7ater vapor 




2. sources" ' ' ' 
^ a) recovery^ furnace — ^himney ' . 

♦ b) lime kiln / 

c/ smelt tank, causticizer,« blow tank^ 

and digester — mists 
» ■ - ■ ^ • 

d) bark burning — chimney^ 

• ■ * 

G. . Sulfuric acid manilfacture ^ ' ; 

^ 1, basic process j • 

a. generation of SO^ j 

' .1^ burning of 'S / 
• > # ■ 

* i. oil ref inety ^H^S ' ^ 

3. primary shelters , 

4. power plants— experimental 
/ b. • oxidation to SO^ 

hydration to H2S0^ ' 

methods - - ^ ' : 

a, chamber prbcess — little used 

contact process 

1. sulfur buroing ^ ^ • 

^ 1. four-stage converter r- van^iun\ 

pentoxide cat^alysU ^ ' . 

3; ' economizer cooling 

4^ absorption tovjer. 

3, contact process emissions 



a. , sulfuric acid i»J|;St 



b, tall stack l;rom absbrptlon- Bower ' 



• r 
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^^^^^^^^ 



■ • 'c. partfcle- size 

iL Nitric ncid mniiufncture 

1 ^ ^ V * ' ■ 

1, procer-G ^ I ■ • 

ij.. , sourcQG' ' J . 

" g^, NO^ ^ lyed-orangc- 

. - r \ r 
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* I, 'Phosphoric^ aci^N^ manuJ^licture 



. . . c:J.*^ "'1:h(?maar or pjtpsphorous burning process 
* ] . :.a, . operations 



7-25 



7-26 



« 1, oxidizing * ^ 
" ' 2. hydrating ' 

./ 3, ' absorption » * " 

hf emissions" mist 

\ . sourae ^ . ^ ' 

2, composition 

2, wet process # 

• a, operations / \ 

*. ^1/ decompbsition of phosphate rock by 
. sulfuric acid 

2. filtering of gypsum 'from phospbferic acid 

? ' . 3, concGHitration 

b, eniis^iofts 

1. composition — phosphate rocic contains 
* ' -w^ fluorine ' ♦ 

a) dust 

b) fluoride 
• ^ c) fluoride particulates ^ 

. . ' \, d) acia rais t ' 

2, soarces 
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Phosphate fertilize!: manufacTtute. y 

1. process fiCnd fertilizers — % phosphorous ' ' 
pentoxidD 

• a. normal superphosphate t. 

' 1, mixing of phospjiate rock and sulfuric 
acid » 

2. "denning" 

3r drying * . 

* >b. triple superphosphate 

1. mixlnjg of phosphate rack and phosphoric 
acid^ continucTws process 

2. alternate treatments . o 
diairanonium phosphate 

d. granulation of t>he fertilizer 
.2. ^emissions ^ 
- -> a. gases j* 

<• * 1. silicpn- tetraf luorjide ^ 
hydrogen fluoride ' 
b. particulate dust.s — visible 

1. sources 
. a) drying * 

b) handling. 

' . » 

c) drying and sjC erring 
- d) granulation and blending 

2. cont?:ol methods 



■1 

id s^c 



Paint and varnish manufacture ' - 

1. proems— coolcing of Ingredients at htgh 
. temperatures * 

2. ' emissions , 

- . a* type , ' 

♦ 

b« cau^ses ' 
c# ' size ,; . 



r 
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L/ Hot 



■mJjic aephalfc batohlng * - 
1. , operations * * 

a. cgnveylng aggregate 
' b. drying aggregate 
c. heating asphalt 
d/ measuring out aggregate 
X e. ^mixing 



'f . delivering to trucks 
2. emissions — dust 



a. ^ ^ourcea 

b. \ sizes' ^ 



c. control' 

1. cyclone^ r 

2. scrubber wet plume 
M. Soap and detergent manufacture 



s 1, 



r 



soap making* process^ 

a. hydrolysiff \ - . 

b. boiling 

' c. dirying - . . 

detergent manufacture process 

a. sulfoaation 

b. , ^ neutralization- * • 

c. drying; 

I emissions , V ' 

a. Sources' of particulate matter 
^ . !• spray drying 
/ 1, handling^ of dry materials 
h\ control • ^ 
!♦ cyclone 
J 2» wet scrubb^ 

' 3. wet type pre\l^)itator 
A c. dens a white plume 



tsa 

1. primarily .water vapor 
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Water vapor plumes 

1. wat«' in the air 

a. vapor (gaseous state) Invlelble 

b. liquid or solid — visible 

2. relative humidity 

a. definition , 

b, ,how it can be increased 

1, add moisture , 

2. cool** the. air/" - 
• V c. saturation 

1. 100% humidity 
2. 



3* 



4. 



ERIC 



more water. vapor or cooler tempera-- 
• ture results in condensation to 
^ liquid 

wet plumes ' - 

a. ^ white 

b. occurrence and duration are dependent 
upon relative hupidity 

c. Identification 

1. ^'wispiness ^ 

2. detached plume!' in hot weather will 
not appear detached in cold weather 

3. effect of atmbspheric humidity 
plumes containing water and dust 

a. particulate trail remains after evapora- 
tion of water 

regulatdry problans 

whitre to read the plume 

uncombined water 



b* 



1. 
2. 
3. 



difficulties in judging a violatioi;i> 
(may call for a source test) 



objections to wet plumes . 

a, ground fog and decreased visibility 

b. * icii|g in cold weather 
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7-3'5 
7-3A 
7-35 

7-36 
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6. 



7. 




c. xomblnatlon to form hdi^ful' pollutant 

d. ' ABBtheticB 

sources of watex vapor pfumes 

a. drying of)eratlonB 

b. -' combustion^ 

>\ 

p. airT pollution control devices using water 

d. ^ cooking to reinove combu&tlpxi or chemlc^a*! 
reaction heat * 

elimination *of visible wet pliimes 

a. methods 

I . dilution 



2.' §i:^^rheatlng 
3* condensing the watef 
expensive 



ter^ 



III, Summary 

We have discussed a cross sectloti of Industries that ' 
have ylBlbi!^ process emissions. In some areas these may be 
major sources; In other areas the size of the manufacturing 
output may be small and the emissions may be mlnor.^ Some of 
these processes, llkf asphalt batching,, can be found in 
almost every city; others/ like primary smelting, , may be in 
only k few states. * . 

Some processes, like drying in rotary kilns, and equip- 
ment, such as cupol^Tf^naces, as well as controls, such as 
wet scrubbers, are found In several Industries. By learning 
that all of these put out visible plumes of particulate^ or 
water vapor, you can transfer your understanding of causes of 
visible emissions from one process to' another and^know what 
to. expect at different types of factories. 

When viewing an industrial plant for the first time, you 
may see. one or more stackp. These may or may i^t be visible 

r 

plumes coming frcqi thes^ stacks* There may be visible 
emissions that are not coming from stacks. The emissions may 



99 



Aids & Cues 



10 



LESSON OUTLINE 7 



be continuous or intermittent, ' They be put out 24 hours 
a day or only* 8 hours a day. they m^y or may not ^be accom- 
panled by odors, w . 

' I now expect ymi to be able tQ/look at a plant and be 
able to mak^ mental .copnents like: ' / 

. "That stack ie puttonjg out si^oke from a combustion 
process. use<^ to p^oduce'heat or power," 
"That white plume Is coming from a wet scrubber being 
used to remove the particles from th^ exhaust^gases. " 
"Although there Is no visible plume from that tall thin. 
» stacks air pollutants are bej^g en^ltted. They may be 
sulfur dioxide or sulfur trloxlde," 
"Thift rotary^ drulD must be putting out dust emissions. 
If I cannot see them^ theq they are being collected by 

4 

some devlcfe,"* 

These are s testers. Keep learning about Industrial 
processes^ their emissions » and points of emiaalon. Observe 
factoties in operation and compare them with process flow 
charts that you can find in engineering books and Journals, 
Ask questions. Little by little your| knowledge will 
increase, ^ 



r , 
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35 nun Sl ides Describin g WatQ^r Plumes ^ ^ 



Description 



*Short water plumes from natural gas power pl<^nt stacks and 
long particulates plume from plant manufacturing refractory 
materials. Moss Landing, California (Photo by John Maloney, 
Salinas, Calif.) , • 

V 

Detached plume, natural gas industrial boiler. 'Columbus, 
Ohio : . 

\ « 

Hl^h humidity on cold autumn morr\lng, brewery. Columbus,' 
Ohio 



Low humidity on warm autumn afternooA, brewery., Coly^bus, , 

Ohio' 

Particulatie trail after water has evaporated 



> « 
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Subject;. , ^,^gg.j.pjC^^YjQfj ,ipi5iq-|.XI?XcATIQ^ 

Objective: The student should belabXe to' list tlW Items he should record' 
in the field when describing a pluV^, define fugitive emissions, and 
state the clues" that can ai^ Mm in identifying the sources of visible 
plumes, ' / 



Suggested time: ' 40 minutes 



Required Equipment: • 35 mm slide p-rojeotor 



I ) 

LESSON OUTLINE 



Aids A Cues 



Introduction: 7| ^ " 

There are many sources of air pollutant emissions. 
For ease in record keeping and In talking about these sources, 
It Is convenient to . categorize them^ A description or a control 
deylce ^^at applies to one memljer Df the category may be, applied 
to all members. A coal-flred Industrial hollet in one clty'^^ls 
gplng to have many of the *8ame characteristics as coal-fired • 
IncluBtirlal boilers in other cities or in other parts oT the s^me 
city/ Emissfon ^measurements o"n a'few similar -sources are stan- 
dardized as "emission facbors" and used for all sources of this 
type. • . 




The in^spector should learn to classify the varioud 
sources of visible omission into standard categories arid to 
identify these ^ourceg by their outward appearance. Mu«h of this 
ablllty'for identification can come only by experience. In this 
lecture we can only, suggest some methods lor identifying types of 
industrial apd commercial sources. ' ^ 
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I. List some categories into which polluOion sources could be 

divided and show an all-inclusive cl|8ai^f ication system 

♦ 

♦ A. Source categories • 

1. mobile and stationary . ' , ^ 

, '2, point and area ^ K^J ' 

3. t3mbu6tion and noo^^^wiibustion* 

4. industrial, commercial, art^residentiul . 
H 5. subclassiflcatton. 

a. coal, oil, and natur^il gas combustion 

b. jet-- and piston-^power.ed aircraft . 



^nail-source classification 

1. Fuel combustion — stationary sources 

2. Fuel combustion' — mobile sources 
Industrial process losses ^> 

4. Solid waste dlsposaj- 

5. Miscellaneous. 



II. 



Discusa ways in which the Inspector can learn ^how to 
identify the cause of a visible plume after the plume has ^ 



been observed.; 



( 



A. Information sources 
1* assoc^^at^s 
2. engineering books 
3* EPA publications 
4. photographs, of similar sourcfes , 



B. 



Clues for identification of specific sources 

1* company name 

2. Directory of manufacturers 

3* air pollution files . , * 

4. * telephone-) directory , 

5, factory surroundings and visibly equipment 
shape of the building 



^1 



8-1 



show exatqple 



'8-2, 8-3 
8-4, 8-5 




•lesson outline 8 



7. stack ot fugitive* dust emissions 

8. p lume color 

SL. J^do7 ^ \ . ' 

10. effects of pollutant 
11^ \ equipment amd collection devices ^ 
12,/ variations in/plume during the day. 

Emission description that^lnspectoj should make 

1, natQre>of particulate— dust, fume, etc? ^ 
2,, ^*wet plume? 
3 
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character of emission* 

a, plume 

b, cloud ' 

. c. haze . ^ 

I 

d, fugitive emissions 

plume categories ^ ' ; 

a . coning , fanning , etc - ^ 
detachpd • ^. 

c, Xpoint of dissipation 

dr. plume ris^e \ *; V * 

'^^^^ point where it hits the ground, 

D. Identification of causes 

1. if source type is known arid inspector understands . 
the process, he 'may be able to determine the exact 

cause. • 

t ■■ ' ■ _ 

2. For combustion emission, tHe 'color*Vof the smoke may 
. be a help. ^ ^ .. , , » 

ill.' Use Selected slides to lllustVate different sources, 

process 'equipment and collection equipment that may help 
•Inspector in ident'lfylng a'ourcee and causes of visible 
emia^lojjs. . 

^A. Industrial soui^es ^ 

. B. Manufacturing process' ^equipment ^ 

C . Air pQlli^tion collection devices. 
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8-6 



8-7 
8-8, 8-9 



8-10, 8tl.l 



8-12, 8 



13 , 



J 



•select slides 
from list at 
end. of«%hi8 
lesson 



— r::; ' ' 

IV.' Nummary 

The new "inspector should use ail his datective powers of 
careful observation and research to. gain, experience In^he 
^typ.es'of aVr ppllution problems uNd&r his jurisdiction, ilis 
knowledge of the sources ajcid cause^^ can aid him- in dealing 
with his asrsocia(;gs, with the pplluters, and with the public. 
He should^ be able to idetiti:^^9 classify in s(!|ye'ral types of 
categories all the sources of visible emissions which he will 
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encounter^ 



• Type 9f source -7- industry, conunercial, /residential; 
I ' mobj-le \)r stationary ^ ^ 

Type of emissions 

* 3o Tjrpe of plume . f • 

4. lE'art of^^e combustion, or processing system that, is 

* causing the problemo 
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— 35 mm Slides for 
CUsslf IcatlQu ftnd Identification of Sources 



"slide 
Number 

8-1. 



V 



■) G 



Goinment 



8^2 
8-4 



Example of Cdm^rehe^slve Source 
Olasslficatlon Syfft^ \ 

■. ' 

Lead and zinc amelter * 
Ba8t^'1fel^a» Montana 



Fbrtland cement plant 
, Fairborn^ ^hlo 

^ 'Steam electric plant near 
ColWlbua , dhlo Xcoal-f Ir ed) 

1-5 Building housing a basic oxygen 

' * furnace » ' Middle town; OhXG 



8-6 ^ Blafat for removing ^fluorides from 
' \ Illhosphate rock Garrison, Montana 



8-^7 ^ Steam-electric power plant 

^ \ '.Lawrenceburg, Indiana (cpal-fired) 



8-8% , brewery 

. Worthington; Ofliio 

* ■ 
8-9 Rendering plant 

Columbus. Ohio 



0 



8rl0 . OIT refinery near Houston, Texas 



4* 



8-11 



.^.12 
8-13 

8-15 



(]ontact; process- sulfurlp acid 
plant Columbus, Ohio 

'if . 



Asphalt plant, Newtown, Ohio 
Asp^it planjt',^ ' Newtipwn,' Ohio 
Coke t)Ven batt/ry Toledo^hio 

Coke oven battery Toledo, phio 

■ . 106 



1^ Based on System in ( 

"aptd-iiss . ^ 

I^arge stack, large . 
slag pije , ^- ^ 

NotiB ceme^nt hauler ' ^ ' • 
in front - : . ^ 

Note high tension wires 

* and shape of building, ^ 

i . Note shape of*buildlng 
^ and red oxide plume , 

a * ' *» . 

Note emissions from stack 
^d fugitivia^dust; corroded 

* parts from plant are in 
field to left » 

Note cream color of plume; 
tall stacks 

OdQt is distinctive; water' 
vapor plume / 

Odpr ia distinctfive; note 
- stack^ type and equipment 
in the yard' : ^ 

Notfe plumes from flare 
and from :furnace stack 

NlJte the design of the 
identifying "equipment— . 
V the four-stage convertdr 
with the^circular ^pieces 
on its/eide 

Uncontrolled 

Controlled with efcrubber 

Shoving of cofee i^om oven 
to car has Just^ begun 

' All of coke has been pushed 
^ from oven to quench car ' 



■0 ^ 



vSlide 
Vjumber 

/ 8-(L6 



' 8-17 



8-19 



• 8-20 



8-21 



8-22 



']8-23- 



Topic 

« 

Plant for removing fluoride from 
phosphate to be used as. animal 'food 
supplement s . ^ * . 

Hyperbolic. cooling tower Snd tall stack 
Steam-electric plant Beverly, Ohio 



,8-18 Warehouse Fire Columbus, Ohio 



8-24 

I 



8-25 
>-26 

8-27 

\ . * 

8-28 
8-29 
8-30^ 



Burning of weeds to clKan/oub water 
ditches Bfllings, Montana. ;p 



Plume from jet airplane 
Coluftibus, Ohio ^ 

Diesel-powered bulldozer 
ColumbuS, Qh^o 



^Fert^ilizer manufacture 
Cincinnati, Ohio 

4 

. Zinc oxide -manufacture 

Columbus, Ohio 
f ■* 

Truck dumping waste material 
. Columbus, Ohio . 

(JpeT)[ burning at foundry 
Coly(mjbus, Ohio J 

Pmimes from foundry cupola'- and from 
open burning at foundry 
/olumbus, Ohio 



fiomJBent 
Note rotary driers 

Wai:^ vapor plume 



Note black and brown 
smoke V 

I 

/Jlote white smoke caused j \ 
by burning material 
containing water 

Taken while plane * 
was landing 

Taken while^ bulldozet 
operat!or was feeding fuel 
'^to get ^acl4ed power 

f ■ • . 

Water vapor p-lume matches 

the clojuds 

Note" color of fugitive^^ | 

dust ^ , 

. y - 
Duefof fairly large sizerv 
settles back to earth . 
rapf'dly • ^ . 

Note color of sfnoke and the' 
material being b^urned 

Note color's oJE plumes and 
the small particles that 
stay aloft ^ , i 



Conical' bunlter used for iuclneration ^ r ^^^^}^ }^^^ ^^^^^^^ 
Evepdale, Ohio (wood wastes) ^ 



K-Power plant Wood River , ^linols 
(fcoal-fired) ^ 

Plant for generating steam to heat 
downtown Toledo, Ohio (oil-fired) f 



are present even with 
conveyor feed 



7 



C; , ' 



Ponlcal ("tepee") butner at lumber 
mill Bozcsman, Montana (burning 
wood waste).: 
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V 8-31' Cement 'plant near NeW Orleans, Lpuisiati^ Note-rotary Viln and, four 

' % « ' , stacp'-i^ed to emit- particles 
. * ' C * ^ •and j/ater^3por from different 

. * part6 of the kiln 

8-32 ^^luid catalyti J cracking upit * . / y 

petroleum rcfineary Los AtfgeXes,* Ca).lf • * . 

8r33 ' Petroleum refinery ' . 



. Toledo, 0) 



8-3A ' , Ferti^/lzer'mnufacfture f ^ 
Co1ubq|du£^ Ohio * \ . 



:8-35 - KraftV^r^ess pjLilp mill , 
Albany^ New York' 

8-36 Asphalt batching plant 



Five, narrow tpWers ar^ 
fr^ctipnating (4ifl^tillatix)n) 
units;, large diameter Unit 
is a catalytic cracking unit 

^^at«^ yvapor and dust 



Tall stack Is jphtmney 
from black ftqupr, recovery 

unit : ; ' ' ■ 



Aspnaic Daccning h-lh"^ » ^ - f^*"!? " ' .°"\ 

Wprthitigtbn, Ohio, (Scrubber fo*coatTt|l), 1 water vapot mal^nly 



A^ernoon, good dispersion; 



^8-37> Asphalt batching pl^ni^,.,^ Early morning, pobr - 

^ Worthington, Ohio'ltlcriibbeirYpr conti:pl) dispersion, inversion. 



•J . ' / , 

8-^8 Asphalt batching plant V 

Worthing.ton, Ohio (Scrubber for control) 

A 

8-39 Detergent manufacturing plant ^ 
St. Bernard, Ohio (nc^ar Cipclnttati) 



8-AO Copper smelter 

near Salt'Lake City, Utah 



8-Al ' Lead smeltet 

East Helena, Montana 

8-42 Aluminum reduction >plant 
Chalmette, Louisiana / 

8-A3 Coke plant Middletow|^ Ohio 



^ Morni^, closeup, 



Spcj^ tower exhaust gives 
plt^e^ntaining cpnisiderable 
water vapor . ' . . a 

White plume still containing 
considerable dust/- by time 
it reaches the ground 

( ' ^ 

. White* plume blends in with 
,the clouds^ on this day ^ 



8-AA 
8-A5 



Gr^ iron foundry Columbus, Ohi^ 



Blast furnace and four stoves 
Toledo, Ohio 
- y 108 I 



Quenching the hot coke 
with water ^ 

Horning with light wind 
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Slide 
Number. 

8-46 ' 

8-47 



8-48 



'8-49 



8 



1-34 
• 8-51 
'■ 8-52 
8-53 
8-54 
8-55 
8-56 

• 

. 8^7 

8-58 
8-59 , 
8-60 
8-61 
)8-.62 
8-63 
8-64 
'8-65 



Topics ' 



Steel mili yWlddletown, Ohio 



Steel mil Y plumes over G»r^, Indian 

Thermal-process phosphoric acid plant 
Addyston, Ohio near Cincinnati) 



Purnace' process carbbti black plant., 
. Toledo Ohio - 

Diesel tr'uck ^ 

Jet emissions ^ ^ , 

Automobile smoke 

Ferry boat • » ' 

. Power plant 
Open^hearth shop 
Blast furnace and stoves' ^ 

Blast furnace during "slip" 

\ ' ' ' 

r 

Black' smoke frofn oil refinery 

• . ' ■ . *' 
Oil refinery 

mst ;^nd vapor from paint manufacture 
nitric acid plant • ^ 

Phosphate plant, Fldrlda 

.i 

Phosphate plant;,' Florida • 
Fertilizer manufacture ; 
K^aft pulp mill 



Comment 



Blast furnace and B^F 

Wind blowing in &rom 
Lake Mlchlgatr In th4 .. 
afternoon 



Plume from tall Harrow 
stack contains some 
phosphgrlc add and much 
water vapor —emissions * 
from hydrator-absorber " 
after pasl^lng through 
abatement e.qujpment 

No black plume 



; / 



r - 



V 



8-66 ^•umber mill 



Slide 
Number 

8-67 

6^68 

8^69 

8-70 

8-71 

8-72 



Topic 
Cement plUnt 

I 

s 

Getnent plaiat T 
Asphalt batching plant 
Tj^pee burner 
Open burning 
' Open burning 
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•INSTRUCTOR A 
. LESSON PLAN y 



Subject: ringELMANN CHART iUviD EQUIVALENT OPAGI-f^ 



UbjecttVe: The*s tudent should be able to Refine Ringelmann Number and 
Equivalent Opacity, identi^, the five c/ards of the Ringelmann chart, 
describe how an observer is trained to make plume, observati9ns in the 
field without a chart or other aids, identify the advantages of visible 
emissiori regUlatfans, amdi^list the aids and alternative methods for 
evaluating plume shades. 

J_ ^ ■ 



Suggested Time: 45 minutes 



Required Equipment: 35 Slide Projector 
... • ^ . 

• Ringejijnann Chatt ^ 



4 

Lesson outline , 



Aids 6f Cues 



Introduetion: 

Visible emission laws ar,e written so that plumes of a speci- 
fied shade or opacity are illegal, but plumes of a slightly 
lighter shade or opacity are legale, To enfotce these laws 
inspectors, must be trained to distinguish between small variationfi 

in the oktlcal density of plumes. 

^irdt a scale must be set^ iip so vis ii>le emissions can be\ 
graded from nc5^ smoke to totally blai^k or totally opaque.' Here, . 
air pollution re-gulation makers have ^incorporated for gray-black 
smoke a scale devised in France in Dhe 19th century by an 
engineering professor, Maximilian Ringelmann* ^ 
* To regulate the optical densi^ties of emissions that were 

white or' other colors besides gray and black, the County of 

ft . ■* • 

Los Angeles In Che 1940's developed the concept of equivalent 
opacity, which specified that 'these i^on-black plumes should be 
judged by the amount, of light trfiat they fg^lled to transmit. ^Thus 
a white plume through which -in obs^e^^^^uld see an object with 
657o clarity was considered to be acceptable but one through which 
the observer could see an object with only 55% clarity was 
'unacceptable. Th6 65% transmission was termed 35% opacity and 
the 55% transmission was called 45% opacity. When these r ^ula- 
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tions for non-black plymes were deviseid, ' the opacities were 
related to the already established limits set ty. the Ringel- 
mann scale. Thus >the opacities of non^black emissions .were 
equivalent to'Rlngelmann numbers and the term equivalent . 
opacity" was dierivedi ^ 

As time passes, the restrictions on acceptable visibly 
emissions are being lowerted. so that 20% equivalent opacity is 
,the dividing point for ^emissions' in most jutisdictiohs or for 
most sources. In some -areas and for some sourqes, even, lower 
opacities are required. However, untir all^ visible emissibns 
are, outlawed there must be inspectors who can -distinguish * 

between shades of gray smoke or opacities of white plumes. 
I. Describe the Ringelmann Chart and the extension tro 

equivalent opacity^ 

A. History of Ringelmann. Chart v ; 

1. developed by Ringelmann about ^890 
. , Zm incorporated into Boston law, in 1910 rK.. 

3, originally^ applied t<? emission^' from toal-fire^ 
boilers • . * T , ' 

e." ' ■ 4; excessive emissions for short periods in an hour 
-may be allowed for starting up or ' soot blowing 

B; Equivalent Opacity . * * . 

■ *- • . . 

V ' r. 1, California extended Visual standards. ;; * 

2. Prohibited plume o^fi any* color haWng ag^opacity 
^ that will obscure an observer's view to a degree 
* equal to or greater than smoke of Ringelmann 

njmber 2 shade V ^ - 

3. Observer generally judges amount of light trans- 
. mitted- through both bl,ack and noii-blaqk plumes 

. :a, relates transiuittanc^ to reflectance from 
Ringeli^ann Chairt for black'^plumes * 
b, reilatres transmit tance to opacity fpr non*^ 
black plumes ^ ' 

C, Smoke density arid equivalent opaci:ty ' 



Aids 



& Cues' 



\"... ^« 



i 
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Aids & Cues 



E. 



see page 



1. definition of density for us? In vi^ple 
emissions — quantity per unit 'volume^ or area 

0 ^ a. Rlngelmann Chart -ratio of area occupied by 

black grid lines to total area * ^ ^ 

<r » . b. black'^plume — shade of gray related to the, 

« * Rlngelmann 6hart 'dehslty 

2. ' Opacity - degreJ to which transmitted light is 
/ obscured , . ^ ' • 

CTDnstructlon of the Rlngelmann Chart 

1.. Four cards with black lines of different thickness 
2p Blend into gray areas when 'viewed* from a distance 

3. Official chart referenced in air pollution law is 
published by the Bureau of MiniSSo * 

4. If used in field, chart should -be 50 feet j^;y0m 
observer. 

5p Readings are made to nearest 1/4 Rlngelmann, 
Opacity expanded >tO|[all visible emissions • 

1. First appeared in Federal Regis^ter in 1971 

2, Con9epts behind qne measurement system 
II. 'Discuss tSifi-jegulating of emissions by setting limits ort 

<» .the opacity of the emissions and the advantages 
. - of this method^ 

Relation of visual observations to actual weight of 

' ■ i " ■ 

emissions ' 

Ip Fpr a s{)eciflc sdurce operating under fl^ecified 
5>.cdnditions , a correla^tlon has been found^betw^en 
* .'grain loading and opacity but correlation is not- 
transferable to othpr sources. 
2. EnSor and Pllat have developed gi general th^oret- 
. ic;al relationship, between plume opacity and . 
- particulate mass concentration for ^several 

Substances 

' ' 113 



shcTW Ringelmann 
Chart 
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combustion may bl requxred 



Aj^ If distribution' of payticle sizes in plume is< 
uniform, then reducing "concentration of visU^le 
Qubmicron particles will Bubstantially reduce 



the total weight of ^missions 

Cost and Qoftiparison with souro6 testing 

1. Obset'vet-inspector can* be trained In 2 to sXdays . 
^2. Does not rexjuire extensive technical background. 

3. One man can make observations of m^ny^ sources in 1 
day whereas it may require as many as 2-4 men to cond 
a source test lasting several days including 
laboratory analysis, calculations, and reports. 

A. No expensive equipment^is required. 

5, Questionable emissions can be ^located by visual 
observatiotv and then source tests run if needed. 

6. Method for controlling emissions that are diffi*- 



Aids & Cues, 



ct 



cult to source sample, e.g. fugitive emissions. 
7. Can be used for observatioi;j8 of mobile ^ources 
a, .^read at point of ifiaximiim density 
' use stop watch 

c. read plume at an angle 

d. * take photo. 
Accuracy 

1. With proper training and - recertif ication at least 

^ every 6 months,- an inspector can n\^iintain his accuracy. 

Cyiticisms^ of visible emission regulations. 

1. Crlticisnte 

a.^ Opacity of density varies with position of 

observer and position of the sun. 

^ DT ' Opacitjj^-measurements cannot in^eneral be *^ 

\. correlated with instruments measuring pol- 

lutayit mass rate of emission. 

c. Colorless gaseous emissions cannot 'be* regulated 
_ • , , — Jt. ^ 
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Aids & Cues 



by vltilbli' emission reRulations. 
"^d. Without proper lighting as a background, vls-ible 

. emisslQns a"Ve ' difficult to apply at night. 
<e.. Water vapor plumes may be erroneously judged as 

violation of air pollution regulations, 
f. VisihV' OT?.iof5ion regulations can be circumvented by 
diltiting \y/it\x air prior to dischar,v»u Into the atmos^ 

phere or by ^^uilding a fetack of smaller diameter, 
2* Many criticisms may be surmounted if the inspector 

will always follow standard procedures for observing , 
plumes • . 

a. keep the sun in th^ 140° sector to your back. 

b. read plume at a short dist^ce above the .stack 
♦ before vit has begun to spread out. 

c. idertify whether the plume contains water vapor 
by iLs appearancfe and then Yead- the plume at the 
point where the water evaporates or if a detached 
plujiie, prior to the condensation of the watpr vapor. 
if there is *a choice between the two, read the one 
with maximum opacity. 

d. Wait until meteorological conditiohs improve. 

III. Describe the varloua|k(seldom used, except //5 below) 

smoke "reading aids and alternatives to visual evaluation 
and 'discuss their advantages and disadvantages. 
A. Aids • ' 

1« smoke tintometer 
^ » 2* umbrascope 

a. cannot measure density lees thaA 60% 

3. smoke^ope 

4. PHS f hm strip ' - 
a» film may chang^e from body heat when carried 

in shirt pocket 

b. $15 Qost 4 ' - 
5* • smoke comparison (^harts ^ 

si * 

a. hoi* at arm's leh&th 
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Aids & Cues 



6* general disadvantages - 

a» ^applicable only to^gray-black sraok6 

b# give only a limited number of Ringelmann 

ninnbers ^ * ' » 

c. not significantly more accurate tl)an sight 
^ reading * 

B# Alternatives 

^ !• photoelectric c^ell * ' • , 

a* mounted in stack j. • 

b» problems i 
* . 1) periodic zeroing 

^^2) emission buildup 
2. lidar 

a» new . . 

V, 

' b. expensive - approximately $50,000 ^ 
tv. Sight readings advantages over devices 
y ^ Summary 

Most people with normal eyesight can be trained to deter- 
mine the correct shade of whi^e or black emissions Within an 
average accuracy of 7.5% as compared with trajAsmissometer , 
With a regular schedule of retesting, air pollution control 
Inspectors who have qualified as visible emission readers can 
form a strong enforcement arm. By using their visible 
emission reading capabilities' they can maintain particulate 
emissions below a prescribed standard, can identify sources . 
for which stack te^ts should be run, and can do the^e jobs at 
a st^alley cost to their agency and 'to tha^ taxpayer than any 
eouivalent rrechanicrl methods of req;ulotinn visible emissions 
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INSTRUCrOR 1 A 
LESSON PLAN iU 



Subject: 



y QUALIFICATION PROCEDURES AND. EXERCISE IN RECORDINC ^FOR QUALIFtCATION 



Objective: The student should be able to list the requirements tor ^ 
qualifying as a visible emissions inspection, list the proper procedur^^ 
fyor observing visible emissions in the field, and properly fill put 
the visible emissions training form. " ^ 



Suggested Time: 30 minutes 



Required Equipment': 35 mm Slide Pfojeqtor 



LESSON OUTLINE 



Aids &. Cues 



Introduction: r 

• One and a half days ofithis course are devoted to observing 
series of black and white plumes to become a qualified ob- 
seTrver. ^I 'shall now explain the standard's you must meet to 

qualify and how the testing runs will be conducted. You w^ll 
record ^our readings during the teat on a training form^ ^If you . 
meet the required standards, you must fill out this form com- 
pletely and hand It in to be examirted and loept -on record in th^ 
files, y^urlng this lecture, I shaJLl also ^jshow you how to fill 
out this form*" 



I. 



Discuss the requirements for passing the visible emissions 
reading proficiency test. 

A. Observe 25 whlt'e and 25 black shades " , 

Whi(!^ recorded in percent equivalent opacity; 

black in Ringelmann numbers^ or both in opacity,*, 
Deviations allowed • 



B. 



7 



\ 



1. black - none of one Ringelmann or more (20% opacity) 

2. white - nolle of 20% opacity or more ■ \ 



*dependlng ^ regulations 
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D. Average deviation for 25 readings is les^ thail^^ 
4 7.5% opacity in black and white categories 

E. * Everything accomplished on one series of runs 

F. Training Form to be filled out and turneV in. 
I " 

I. Describe the conduct of the outdoor proficiency tests 
A. Famill^arization runs — correct readings annoiinced 
^ B.*''^-P;|^^l;ice run 

1.-' 25 black and 25 white 
' '2. St'uie»t td record 

^ 3. Cotrect readings anijiounced at completion 
4. Student to figure out his score' 

C. Qualification RunS - s 

1. Repeated for remainder of the course 

2. Student fills* out foirni and records observations 
on original and^^^e copy. Copy handed i(i; student 

grades his readings and calculates average ^- 

I 

deviation . ' ^ ' 

3. If student qualifies, he should complete entire 
^ form and hand it in. . 

4. No need for qualifying again during this course- 

i 

D. Practice runs for violation citation gfre black, 
one white * 

•1. Read at 15-second intervals and deternitne totals 
minutes that plumes were above Number 1. Ringel-- 
mann or 20% equivaj^ent opacity - 
2. Decide whether smoke generator operator was in j 
violation . 

E. Read at sound of horn ^ 

F. Use o^ «Lds 

G. * Read under conditions that, will exist in the field 
dark glasses? 



A:^ds ^ Cues 



/ 
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Aid^ & Cues'* 



J, 



III. Review proper procedures for observing smOke 

A. Aim is to imipicjov^ accuracy and mair^ain a uniform 
procedure * \ 

B. tns tructions ^ 
sun in the 140^ sector to observer's back 

2. night— light source behind the plume 

3. observer at right angle, t^ the plume 

4. r^ad a foot or two above the stack - 
5\ contrasting^ background (see discussion " 

;jtethod 9, Federal. Register) . ' 

' 6.. don't stare ^A plume-in test,. look at plume 
when horn Tjouncis ' ' ' 

concentrate on^ reading; don't^be distracted 
IV. Exp\£iin how visible emission training form 
should be filled out 
A. Name, affiliation, date- 
Time ^ 

Location ^ v 
Wind speed i- 
Wind direction^ 
1 • orierfUati'on 
2. 16 {ioints of c&mpae^ 
F. Sky condition - all levels 

1. clear 

2 . scattered 
3* broken • 

4, Overcast 

5, estimation by quadrants 

G. Observer's position 

1. direction observer is facing 

2. relation to sun 

H. Run Number 

'i 
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E 
J 




t 



10-1 



12 



LESSON OUTLINE 10 



Aids & Cues 



I, Observer's Reading 

j0 r. black - 0 to 100 in 5% Increments 
2. white - 0 to 100 in 5% incremeiits 
Xransmissometer Reading 
K. Deviation columns 

It explain minifs and d1«us readiucs ' j 



explain minifs and pl«us readings 
2. fill ont in percent 



L. 



Sum and Number 
<Qualii^lcation boxes 
1. run number 
2* number correct 



0 



3t excessive deviations 
A, average deviation 

a. explain computation 

b. vhite and black figured separately 
Examiner 



V. 



10-2, 10.-3,10-4 

,Use slides to go" through a sample visible emission readingj iq-S, 1o-6 | 
exercise of " 5 'black ^arv^ 5 White shades. Have students 



out form and make computations in class or at home in the 



evening, 
yi. Summary 



f 



10-10, 10-11^ 



In the visible emission reading proficiency test you will 
observe a series of 25 \hades of black plumes and 25 shade's 
of white plumes and record these in opacity readings, to 
qualify 'On this ^st you are required ty complete one 
series of 50 readings during vhicli you must: 

A. Read each shade with no deviations of 20% or 
grea|;er (one Ringelmann or more ^or black 

plumes) ' . , • 

B. Have an average deviation on both the \>\i\c\ . 
. and white plumes of ho* more than 7.5% on the 

same run. There will be at'^ least eipht; 3crio,s 
of field runs during which you can try to nuaiify. 
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Exercise lit Recording for Qualification 



Slld^ 
Number 

10-1 

10-2 

10-3 

10-4 

10-5 
10-6 

10-7 
10-8 
" 10-9 . 
10-10 

' 10-ir 



Topic 

Smoke schpol training f-drm 



Steam electric plant 
St. Louis, Missouri (coal-fired) 

Steam electric power plant 
Columbus, Ohio (coal-fired) 

Pathological Incinerator. 
New Orleans, Louisiana 

Feed plant, Sharonville, Ohio 




Industrial boiler at a 
cigarette manufacturer 
Durham, North Carolina 

Fertilizer maijufactur^ 
Columbus^ Ohio 



Portland cement plant 
Fairborn, Ohio 



Aluminum reduction plant 
Chalmette, Louisiana 

Sulfuric acid niJ^nufactcure 
Columbus, Ohio 

University power plant 
Columbus, phip (coal-fired) 



oal-f ired) 



Commeyite 



35% 



¥ 



85% 



90% ; 



75% 



Read at end of water 
.portion of plume 25% 

R6ad at top of stack ^ 
50% * 

Read at point whe;re 
/ water evaporated^ 80% . 

Read at top of tall stack 

49% * 

Equivalent opacity^of 
wpt plume read at top of , 
nearer ' stack lOO%;^ 
read at point where water 
evaporates 0%, 



INSTRUCTOR I V 
WESSON PUN ii 



Subject: 



BIASIC METEOROLOGY 



Objective: The student should be able to djfine temperature lapse rate 
and temperature inversion, identify the types of lapse rates and inversions, 
list the types of fronts and pressure areas, and draw the symbols .used on ^ 
weathjer maps to designate fronts .and pressure ar^as. He should al9o be * 
^b]Le to define turbulence and identify its causes, and describe its effect^s 
on jflumeso . ' 



Suggested Tim?; 30 minqtes 



Required Equipment: Chalkboard, ^35 mm Slide Projector 



LESSON OUTLINE 



Aids & Cues 



Introduqti^on; ' . . 

The problem of air pollution has several ^aspjects. Four 
important ones are sourc^ of pollutants^ transport 6t pollutants, 
* reception of pollutant's, and control of pollutan^, " Meteorologi- 
cal factors enteruP^inclpally into the transport of pollutants for 
these factors con|:rol the direction the pollutanta take away from 
the source, how fast they travel, and how much tj|^^«-8pread horl- 
zontally knA vertically. 

\since the control of pollution must consider transport 
and diffusion, meteorology must also be taken into account in 
planning coiitroj. strategies. The dispersive character 
istics of the atmosphjere will determine the relationship between ^ 

source emissions and ambient air quality* 
During periods of high air pollution potential, it is the 
measurement^ ocE prevailing weathdr conditions and t\\^ forecasts of 
future conditions that determine what level of emergei|icy controls 
should be activated. 

Meteorology can also control certain phases of the 
emission and reception of pollutants* More fuel is burned in 
cold weather and *more dust is picked up when winds are strongs 
The formation of photochemical pollutants reqaires the energy 
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from solar radiation* 

scavenging bf pollutants from Jthe air by prectpi 
tatlon cleanses the air but it'can cause contamination problem 
jat the ground. The corrrffeiveness of air pollutants to metal 
[surfaces i^ related to atmospheric ,huifiidity . Sunligh':, 
temperature, and humidity must be« considered in aetermining ' 
[the rate at which pollutants affect vegetations 



Aids & Cues 



I. .Discuss 'radiation, lapse rate, and inversions 

( *' 

A 



Radiation ' 

1. solar radiation * 

a. wavelengths 

b. maximum - 0.4 to 0.7 microns 

c. " reflected,, absorbed, transmitted, scattered 

d. clear and cloudy skies j 

2. Earth ' 
'a. radiates in longer .jwavelengths 

b. absorption by Water vapor 

c. "greenhouse effect" 
• d. surface as source of Heat 

# *^ 

B. Lapse Rate 

1. ' def -tuition . , 

2. stability and dispersion | 
a. neutral stability and dry adiabatic lapse rate 



n 



b. stable - temperature inversion 



c. 



gins table 



Inversions 

1/ radiation type 

a. light wind , 

b. clear sky * ' 

c. depth 

d. ^orning break up 



11-1 



11-2 



11-3 
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Aids «& Cues 



- 2. subsidence type- 

II. Discuss fronts and pressure areas 

"^A*. Fronts . 

1. cold 

2. warm 

3. stationary 

4. occluded ^ 

5. movement 

6. relation to pressure areas 

V. . O' 

B. Pressure areas ' ^ 

1. highs— characteristics ^ 

2. lows characteristics ^ 

III. Discuss fmr tides in the air and their effect bn 
visibility \^ 

A. ' Removal of particles and particle sizes 

1. \ settling - >20m , ^ 

2. \lmpaction — <20m^ 

I .3. rVinout — .0.1 to l.Oi^ at cloud*^ level ^ 

4. wadhout >l|ji . , , 

\ ) 

"5. growth pf small particles y^n moist\ atmospheres 

/ ' • 4 . ^ / « • 

B. ' ScatteringX i 



11-4 



11-5 



1. partlcleV^ similar in size to visible wavelengths 

2. decrease li\visual rar\ge 

3. dry haze 

4. damp ha?e \^ 
5.. mist' \^ 

6. ' haze layer \ 

7. for(?ard scattering > backward scattering 



/ 



\ 
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IV. /Discuss water in the .air. ^ 

A. Water vapot * , 
. 1. ^invisible 

2. relative, humidity , 

a. relationship to air temperature 

B. Liquid water 



( 



1. condensation 



} 



a. teijiperature 

b. humidity 
1. clouds and fog ♦ 

a. particle size. 

b. radidtional cooling 

c. 'cooling by lifting or convection 
3. precipitation * / 

V. Discuss turbulence atid e'ddies 
A* Thermal- turbulence 

B. Mechanical turbulence 

C. Do\^^nwash ^ \ 

D. Eddies ^ relationship between stability and 



"their growth . 



VI 



Summary • : * ... . - ^ 

Tire dispersion of pollutants in the atmosphere is con-- 
trolled by the wind and the stability of the ^atmosphj^. 
Atmaspheric stability is^related to the lapse rate of V * 

lb 

temperature! The greater the i-nstabiltty, the .faster a plume 
will spreafd ,.out . . ^ . ^ 

Under inversl6i;i conditions plumes are prevented from 
dispersing rapidly. Areas of high pressure are accompanied by^ 
inversions, poor dispersion, and hazy conditions. Small 
particles the size of visible light wavelengths spatter the 
light and reduce the visibility at thjese times. 
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MRUCTOR to 
LfcNPLAN 4-6: 



Subject: 



METEOROLOGICAL FACTORS IN SMQKB READING. 



Objective: ;The "studerit should be able to list the effects that weather .: . 

elements can have oh reading^ of plume ^phade, list thd procedures the 

smoke observer shpuld wse to compen^ate for the effects, smd to Identify the 

Information oti a weather map' that Is Impprt^nt^ to a smoke inspectoj:. He 

should also be able to define wind dlrectibri. Identify the peaufort 

8peclflcat^0|[is for wind speed classes,, find make pbservatlona of cloud 

cover i wind direction^ and 'wind «peed for entering on the report form» 



Suggested time^ 30 Minutes 



■ f 



Required Equipment: •'Chalkboard and 35 mm ^Sli.4e Projector 



LESSON OUTLINE 



kids & Cues 



Introduction: 

The readings that you will make as smoke Inspectors may 
be use4 as, evidence In court. Your testimony should be as ob*- 
Jectlve (just the facts) as possible so that It can stand up under 
the questioning of ' a' defense lawyer. Anyone who has looked at 
plumes has observed that they can vary in shape, shade, and 
brightness even though the rate of emission from thfe stack does 
rfot change. These variations of the plume are due to variations 
of atmospheric elements - such aff wind, sunlight, cloudiness, and 
humidity. Yob should understand the effects of these elements 
and, ^ where possible, adjust your observation procedures to 
comp^nsate for these effects. , Whether or not you can compensate, 
fpr the effects you should make note of* the^ weather conditions 
on your obsiarvatiori report so that you will have a record of them 

... X * * • ^ 

for future reference. - . ■ li 
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Describe the effectfe of weather elements on the readings 
of Jplume shade and. point out procedures for compensating 
for these effects,, r 

A. Effects ■ • . 

1. dilution of plume'' by strong winds 

2. dispersion and downwind configuration of plume , 
related to atmospheric stSbility ^ 

3* changing wLnd direction and \he observer's line 
of siglit through the plume 

4/ wind speed, wind direction, and the turbulent 

eddies caused by buildings and other obstructions 

^ a-, relation of qtapk height to obstructioj^^^ight 

b. similarity to looping plume ' 

5;* - light scattering,' sun angie, and the effect on 
plume contrast . 

^ 6* contrast and. effects of weather . elements 

a. contrast between plume and background . ' 

b. iiluminatiou of plume and background 
a effect of hazy ^irtbsphere on contrast 

d. effect of different sky shades on contllraet 

e. seasons I tree leaves, and background 

B. procedures for compensating for weather effects 

1. Observe plume at right angles to the wind 

^ 2* Observe j?ortion of plume Just above the sfc*ack 

9 0 V 

3, Observe plume with sun within 140 sector to . 

« ybur back 

'4. Pick out^background jthat contrasts with color 
of plume,- If possible, 
,C, flake notes on weather conditions . 
II. Explain atmospheric humidity, ,how to eistimate the humid-^ 
itjj^how it affects wet plum^es/ and point out that its 
"variations' can help tire inspector to Identify wet plumes. 



Aids & Cues 
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12^2 

12-3,12-4,12-5 
12<-6 J 

12-7 
12-8, 12-9 

12-10 
12-11 



\ 
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A* 



Relative humidity 
X> 'percentage of saturation 

2. water vapor, llc(uid water 

3, saturation and condensation 
4, 



effect of air temperature on amount of water 
vapor aJtmosphere can hold 



5. 



/ 



Estimates of humidity 

a. clouds and fog- 

b. moisture on ground 

c. s^tlc electtlclty 

Relative humidity and wet plumes 

1. higher humidity, smaller rate of evaporation 

2. higher humidity, greatet persistence of wet plume 
^ 3 . colder temperature , faster ^.conidensatlon 

4. detached plumes and their relationship to air 
^ temperature 

5. methods of Id^lfylng pfumes containing moisture 

a. rate of evaporation? and wlsplness 

b. persistence of non-water particles after 
evaporation 

c*. longer plumes on coljd moist days 

d. 'detached plume on hot days, but not on cold 

days " * 

III* Discuss the elements that appear on weather maps and 
weather forecasts and point out the portions of these 
' that can be useful to the Inspector* 

, i^* Importance of veather report Items to smoke Inspector 
!• fronts, precipitation 

a« comfort -^of smoke reader ^ > 
^ bp shower or- steady precipitation 

c. <cleai^slng of particles by precipitation and 
^ Improvement of visibility '\ 

d. preclpltatl<^?Vi relative humidity, and wet 
pltimea ^_ , ^ ^ — 



12 
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» 

2.. temperature ^ * 
it, comfort 

b. relative need fjbv heating and tuel combustion 
C- dctRched wet olumes 


< 


3. wind direction 

a. observer position • 

' b. complaints < ^, 
c. downwash \ 

A. win^ speed ^ i 

a * "^"^lu t ion ' ' ^ 

b. plume, ri^e 
' ' 1 . 




^5, relative humidity i 
a* wet plumes 




6. lows and highs 

* 

a. lows — precipitation 
J b. • highs 

^ . $ , (1) low wind speeds ^ 
^ ^ (2) clear skie6 , 

(3) de-creased visibility, more haze 

(4) le^s clouds 


i 


V 

7. cloudiness 

a. background for plume 

b, * clear s^es 

(1) night — inversions and fanning ^^^mes 

(2) d)ay instability and looping plumes 




IV. rtUnt out the weather observations that the inspector 
must enter on yis observation form and explain how these 
observAtions should be made and the. units' in which thfey 

y 

t^hould be entered on the report. 


> 

\ 1 
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V 



2. 
3. 



r 



A. JSloud cover 
definition 
measured in tenths 
terminology 

I a. clear 
b« scattered 

c. broken 

d, overcast 

4. estimation by division^ of sky into quadrants 

B. ^ Wind" direction 

1. direction fifom which wind blows 
8^ or 16 points of the compass 
^ 3. inspector must know his orientation to north 
4« direction from blowing flags, paper, or grass 

C. Wis)yd speed 

1. anemotjneters and their standard exposure 

2. unite ~- usually miles per hour 

3. Beauf ort ^Bcale 

a. history 

b. application to land sites 

D. Wind variations 

1. ^ variations ^th Height-- effect of ground friction 

2. variation during plurai^ observation period 

E. Atmospheric stability observatiofis'^ i 

1. pot required on form ^ 

2, can be estimated, from time of day and plume shape 

,3. can help in distinguishing betweeh mechanical 
and therma,lruurbulence effects on plume ^ 

Sunlmary^ / I v 

fieteorolog/cal elen^ents affecting plume observations 
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chalkboard, 
12-13 



12-14 



12-1^, 12-16 
12-17 » 1^-18 
12-19, 12-20 
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Aids & Cues 



1. Wind speed — dilution ^ 

2. Wind variability — dispersion 

3. Direction of » sun — forward scattering gtearf:er 
than backward scattering 

A. Cloudines/svy^Xillumination of 'the plume and 4 he 

background ^, ^• 

B. Plume reading procedures to overcome me^teorological 
effects 

1. Plume should be viewed with sun within 1A0° 
sector to observer's back;** 

2. Observer should look at the plume from a direction, 
approximately perpendicular to the wind direction 

3. Observer should view the portion of the visible 

> I- 
plume nearest to ::he stack; ^ 

. 4. Pick out a background that contrasts with the 

color of the p^lume. * 

C. / Importance of Contrasting Background as stated in EPA 

Method 9: ' . . 

"Variables which may not be controllable in the field 
are luminescence and color contrast between the plume 
artd the background against which the plume is viewed. 
ThesjB variables exert an influence upon the appearance ^ 
of a plume as^ viewed jy an observer,* and can effect the 
ability of the" observer to accurately assign 'bpacity 
values to the observed plume. Studies of the theory 
of pHime opacity and field Studies have demonstrated 
that a plume is most visibld and {iresen^ the greatest 
apparent opacity when viewed against 4 contrasting 
il&ckground. It follows ^rom ti ts, and is qqnfirmed 
"^by field trf^ls, that th^e opiacity of a ^^j;>JtQnte, viewed^' 
under conditions where a contrasting background is 
present can be assigned with the greatest degree, of 
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accuracy. However, the *iSo tent ial for a positive error 
is also the greatest when a plume is viewed under auch 
contrasting conditions. Under conditions presenting 
a less contrasting background, the apparent opacity of 
a plume is less and approaches zero as the color and 
luminescence contrast decrease toward zero. As a re- 
sult, significant negative bias and negative errors 
can be made when a plume is viewed under le'ss contrast- 
ing conditions. A negative bias deciTeases rather th^n 
increases the ppssibility that d plant operator will 
be cited for a violation of opacity standards due to , 
observer error. (t- \ ^ 

studies have been undertaken to determine the magnitude 
of 'positive errors which can be made' by qualified observers 
while read -xg plumes under contrasting conditions ' and using 
the procedures set forth in t^his method. The results of 
these studies (field trials) V^lch involve a total of 769 
sets of 25 readings ejch are m follows: 



D.For black plumes (133 sets at a smoke generator), 
100 percent of the sets were read with a positive 
etror of les^" than 7.5 percent opacity; 99 percent 
were read with a positive error of less than 5 , 
percent opatity. ^ i. 

2) For white plumes (170 sets at a smoke gjherator, 
" 168 stets at a coal-fired power plant, 2^ sets at. 

a sulfuric acid plant), 99\percent of the sets Were 
read with a positive error of less than 5 percent 
opacity. ^ 



^For a Bet, positive error - average opacity deter- 
rtiined. by observers' 25 observntlona - average opacity 
determined from transmlssometer ' s 25 recordings. 



132 

/l4 



LESSON OUTLINE 12 



Aid<5 & 
^ 



Cues 



SThe positive ^bservational error associated wi^h an average^ 
of tJilty-flve readings is therefore established The 
accuracy of the method must taken into account when 
determining possible violations of applicable opacity stand- 
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35 mm SJide s Describin g Plume T ypes 



Slide 
N umber 

12- J 

Ur6 

12-4 

12-^5 

12-11 



^ Description 



Looping 
, Coning, (Cement plant) 
Fanning 



Fumiglitlon (Pulp mill* plume, 7 a.tn., July, Lewiston, ^daho) 



Downw^oh caused by building 



J,33 
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INSTRUCTOR I D 
LESSON PLAN 10 



Subject: 



'J.EqAL ASPECTS OF VISIBLE EMISSIONS 



Objective: The student should be able' to differe;r/tia,te between common 
law and statute law, cite the decisions in the ^peal\cases of the 
Los Angeles, California visible emissions statute, identify the require- 
ments for a good air pollution law, state th^ visible emission regulation 
in effect in his own region, identify the criteria for being an expert 
witness, and li^t the /ules of courtroom behavior fot anWpert y^itne&s* 



Suggested Time: 40 minutes 



Required Equipment: Chalkboard iand 35 mm slide projector, i6 mm sound movie 

projector yith 14',' takeup reel. 



LESSON OUTLINE 



t 



OUTI 

f 



Introduction: 

the purpose of a visible emissions regulation is to control 
the amount of atr pdlliitants put put by a stack- or tailpip^ The 
law sets a standard-* a specified Ringelmann Number otf equivalent 
opacity percentage— that de,terminen what smoke is illegal, the 
rol« of the air pollution control officeT or inspector is to 
enforce this law. He observe the smoke emissions and may issue 
a citation when he seea a violat;f.on of the law. 

In this procedure ^he is similar to a traffic policeman who 
gives out a ticket to ii driver who exceeds a specified speed, 
this speed having been determined as being unsafe for the pre- 
vailing conditions such as congestion, population,^ street width, 
etc. Like the traffic policeman, you the air pollution officer 
as part) of your Job, <!ill sometimes be required to testify in 
court concerning y^ouj: observations. 

In this lecture we will discuss the body of air pollution 
law that has grown up. and which has been tested in appeals cases. 
To prepare you for your time on the witness stand, we shall ^ 
discuss several pointers on how to be an expert witrtess. 
("Role of the "witness," a motion picture mJy 'Serva as the * 
foundation for this portion o^ your presentation,) 
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Aids & Cues 



Discuss the de.velopment of visible ^missions law 

Common law and statute law < , 

:oimnon -.jirove in5|)^Ps^ in each case 

itute— blfiick smoke is always a nuisance; 
injury does ngf have to be proven in each case 
<^ Bo Air pollution regulation power belongs to the States 
lo This power is given tip t;he States by the 10th 
amendment 

2o The State can grant this power to the city or 
caun,ty, * 
3« Only limitations on states' power is in 
14 th amendment 
C. Ringelmann Standard and Equivalent Opacity Standard 
V 1« Massachusei ts ^ 1910 

2o Los Angeles - Section 24242 

ao subsections for Ringelmann and Equivalent Opacity 
3. Method .9, Federal Register: Opacity 

« 

^ Do Constitutionality t^sts 
lo subsection (dc) 

4 

2o subsection .(b) 

3o outcome of California appeal cases 

\a* code is constitutional ^ 

statutn may adopt USBM publication for 
description of prohibited act 



13-1 



13-2 



13-3 



b. 



Co 



smo^e inspeci:ois can be considered as experts 
do layman's uncertainty of the dftnsyity Is no 



; • ■ 

inn Numb( 



excuse 

i. arbitrary setting of a Ringelmahn Number as 

'a standard is ma*:ter of discretion 
fo observation of k plume density violation 

from one direction is sufficient for a court 
, ' citation* ^ 

N 
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II. 



Describe the Irequlrements for a good air, pollution law 
arid list some of tlhe standaj>rd and variable terms in 
visual emissions laws » . ¥ ' 



A. Requirements for a good %4.r pollution law 



4i 



13-4 



!• must have power 

2* Enforceable 

f 3. reasonable 

4» cledr and precjLse 

5* 00 criminal Intent Is required' 

6, thefe can be different einisfelon standards for 

i 

dlf fe^rent sources . ' ' 

B. Variations In visible emJ^slon regulations 
1. dl'fiferent shades may be recjuired 

different typ'es of fources may be Included undpr 
these regulations ' 
different types of sources may require different 
visible emission^ restrictions 
exceptions to Regulations may be allowed during 
certain periods or for certain sources 

a* new fire 



2. 



3. 



4. 



c. e 



xost prevention 
raining firemen . 



Ill* Discuss the visible emission regulation that is in effect 
in the city or state where this course is being given. 
A* Limitations . 
'I 1. density 

equivaleti^t opacity 

>♦ 

3. length of time per hour 
B» Exceptions 

1^ source type 
2. new fire 
3» other 



I 
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IV. 




piscuss the role of the expert witness in a court. 
A. Vniat is sj^eciaL about an expert witness? , 

1. has special knowlfedge or' talent 

2. can testify, to his Qpinipnp or conclusions. 
Preparation for giving testimony 

lo review observatic^ns 

2p requirement foi; making out report completely at 
time of violation since case may not come tp 
court for some time 

3» . over your Oestitnony with your 'attorney prior 
to yoUr appearance in court 

4o photographs 

ao know plant process that was photographed 

bu ktvow weather 

c. know camera and film data • 

5o telephone conversations should be preceded by a 
visit with the plant operator 

6o Do not becomfe overconfiderlt about court appear- 
ances after having- made them several times • 
Q. Pointers for the expert witnes^ 

1. dress 

2* be tesponsive v 
3p do not volunteer 

4« kfeep calm * ^ 

i. be silent if •'objection" is called ojit 
*'6o several examinations may occur 

4 

a» difect ^ ' i 

b# crofes ^ ■ 4 , 

" . c# redirect * ^ " 

d» r^cross 
e« later recall • ■ 



Show movie 
^'Role of the 
Witness' 
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V, Summary ^ 

the visible emission regulatiotW-Ringelmann Number and 
Equivalent Opacity— and their enforcement by a trained observet. 
have been established for a number of years in various States 
and their constitutionality has been supported by appeals 
cases. Therefore, the only additional rfequirem^ts to make 
them effective are that the tratne^^<alr pollution control 
officer make an observation of a/violation, record his obser- 
vation and the circumatanpes aurrounding it, and when called 
upon, testify before a Judg?i regarding his observations. 

In the final analysis, the entire success of the case 
aeainstw a polluter may rest upon the quality of your testimony 
in. court and how convincing you are to the judge in your role 
as an expert observer. By following the suggestions on prepay 
ration a^ courtroom behavior that I have mentioned* you dnd 
your attorney should be able to present a convincing case, • 



\ 
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INSTRUCTOR .1 >4* 
LESSONPLAN 1^ 



Subject t OBSERVATION REPORTS FOR VIOUTIONS 



Objective: The student should be able to fill out a visible emission 
observation report form, preferably the, one in use in his own locality 
or state ^ 



A 



Suggested Time: 15 minutes 



Required ISquipment: 35 mm. slide projector 



LESSON OUTLINE 



T.p.tijoJuctibti * 0 

The purpajse of making a visual observations ofr the degree of ' 
blackness or whit^eness of a plume is to collect evidence of the 
violation of a law or regulation. To provide a sufficient basis 
for fourt prosecution, the inspector must gather evidence essential 
for a prima , facie case — that is, a case tha|^, unless contradicted, 
c.dd^.up to a violation of the law. . » 

The inspector should conduct his obsei^ation with this end in 
mind. The report he fill6 out should be designed so that all the 
essential information will be recorded. Appropriate dbservatipn 
forms are those used hy the U»S. Federal Governtnent as recommended 
in Method 9, and used to evaluate visible emission standards for 
NSPS. • - - , 

Discuss the^jjdslble emissions reguldtion(s) that exists in 
your ^ State,, county, or city. . * 

A. Statement of specifics, each of which must be proven in 
court 

1. violator 

2» actibn ■ * . : 

3» ^ source ^ ^ , 

4. ^hade 



4 \ 

Aids & Cues 



5.' period of violation 



Describe 
forms at end 
of" this - I 
lesson plan. 



14-1 S 
(Also used in 
Legal Aspects 
LP-13 

14-2 . 
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Record and citatioa form 

assure that properJl^ta have brfe^i c^lccted 
report is not evidenda by itself 
a. ob8erve#vfl expert opinion 
h, his testimcmy 



1. 

2. 



3. 



facts to be reported on violation 



J 



r 



2 



a. nature and extent 

b. Mate, tiiae , and locatioji 

c. person (s) responsible 

d. equipment Involved 

e. cause 

f . weather conditions 

g. observation point ^ 

b. stack involved 
Exceptions and special designations 

1. specif ice' sources such as incinerators ftiay be 

required^ to meet a lower Ringelmann standard 

2. higher emissions may be allowed 

a. for special period 
( . 1) new fire 

2) cleaning fire box ^ 
V^3)* blowing tubed > 
r A) equipment breakdown 

b. 'for special- sources 
' 1) railroad locomotives 

2) steamships 

3) transfer of molten metals 

4) coke ovens 

5) gray iron foundries * 

3. '^specific sources mny be named rather thanjunying 

designation of **any source'* 
. a. fuel-burning equipment 
bi apartment houses 

c. process equipment 
' d. di.es^l motor vehicles 

, \ e. open fires 
f. ^tc. 

- , V " . 



Aids & Cues 
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11, Explain your' rsport form.s or a -typical repoift form usud 
^, in your Statci, county, or city. 



A* Basic cybservaliloiinl iiif o.rmaLiOu 

-l,^ time ' intervals for each density or opacity 
any golor changes with time of beginning and 
ending , . ' < 
3. total violation time for any standard* period 
(hour, half hour, etCo) 
. Supplementary information 
y 1. observer location 
2o wihd direction and spee^d 

'cloud cover and wcathot conditions 
'daue and time of observation ' / 

name add address* of violator 
typo of air pollutant 
7» description of aource • 
8» ""^pinspactor ' s s-ignaturfe-^ — ^ 
>Photographs . 

17^. p,(md idea for prasent,ntlon in court 

2. do not tajce them same time fis the visual 
6b,survatJ!Rn~ ^ , 
a. the shade on the photo may not match the ^ 

obGei'Vation"^' , 
■ b. pr9x:es.slng may change the photo 

3. have complete record of who haudlcd and processed 



5. 

6. 



the film 



a. can be done by commetcial firm ' 



Aids & Cues 



Mafco overhead 
irnnspnrency i 
pvac'l: i(Zal 



l^i-i 
U-2 
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III. Summary 

The air pollution inspector should know the regulations 
he is enforcing and be able to relate ^the items on his repdtt 
^rms to their ^specific uses in making a record .of his obser- 
vations that will stand in court whether he gave the testimony 
or someone else gives it*" using his report. Sometime^ a case 
may not come up until after the inspector has changed jobs. 
However, his report a^ his qualifications as ^n inspector can 
Still be used by someone else in presenting- the case- 
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•. INSTRUCTOR i C 
LESgONPLAN 10 



•S\Tb4act:... 



■■ imSSION GEINERATOR , 



Objective: The student ^should b« able ^to list the important components 
of the emission generator and describe how black , and white pmoke are 
produced and measured by the emisslSjn genii^atorp • 



Suggested Time; 30 minutes 



Required Equipment ; 35 mm Slide Projector 
S 



LESION OUTLINE 



Aids & Cues 



Introduction: • 

To qualify you as an expert visible emission reader we usfe a 
device that produced different shades of black or whi^ emission 
Before you are exposed tof this smoke generator' I want tdj^ explain | 
how it oper'ate^ and tell you how the field testing portion of this 
^course will be conducted. 

Visible emission generating equipment, for use in courses like 
this one, can be built by air pollution control agencies or can be^^^"^ 
purchased commercially. At present, the moat widely used smoke 
generators are made by Environmental Industries, P. 0. Box 441, 
Gary, N. G. 27511. It is mounted on a boat trailer for easy 
portability. The unit is custom made to the pruchaser's speci- 
fications, but the principal features of it are preaent on all units. 
It co.pts from $8,500 to $10,500. In this lecture I will discuss the 
operation of the Mark Ilmode^l of this visible emission generator 
The Mark II model is no longer manufactured but is typical of t;he 
currently manufactured modeJLs. * 1 

To begin with, it looks like a smokestack on wheels and basically 
that correct. Black or white plumes can be produced and their 
opacity measured. But you will be primarily interested in what comes 
out the Htack. ' 



1 



U3 



Lt;SSON OUTLINE 15 



Aids & Cues 



1, Desd^ibe the equipment and method for producing black 
and white emissions and for measuring the opacity of 
the emissions 

' A. Black plume production 

1» Black plume is produced by Ipurnfng a fuel with 
^ insufficient air* 

■t ' 
1. Generating black plume ' 

i 

a. fuel: Toluene 

1) flow regulated by vftlve 

2) fuel burned on the floor of combustion 
chamber , ' . 

b» furnace: steel combustion chamber lined with 
refractor)^ brick or a double-walled steel 
chamber 

c» density of black plume controlled by 
varying the fuel flow rate • 
B» White plume production 

1^ Number' two fuel oil is heated in absence of 
oxygen until it vaporises. It cools and.con- 
denses into a white cloud of liquid aerosol 
droplets 

1. Vaporization * I 
a# heat for vaporization produced by exhaust 
gases froi^i gasoline engine 
<r b. fuel oil injected into manifold carrying the 
exhaust fxpin thq engine 
c', ■ vapor ig cooled^'in tlic end of the manifold 
leading to the bi'eoching and the stack. - 

C, Exhaust to the stack 

1, Generated plumes, whe^ltcr black oi" v;bite, are 
pulled into stack by an J nduced-d^if t fan 
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2. Smoke is dilytcd by ambient air f.s it eutcr^ the 
^ ctacU • : 
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^Dt- TraustnivSKomaLcr • 



A 



• Components 

a„ ligbu j*oui:ct^ ^ ^ 

b. pliolictcll 
1. Housinl; 

' a. four^fooL lunath of pipe perpendicular to 

stack , , 

1^ b. six feet below top of stack 

^ 3p Flushing to prevent smoke buildup 
^ a/ one foot of beam length is through the stack 

b. other throe Icet 
. 1) prevent smoke entrance by using smoke 

. • ftops ^ ' > < 

2) .flush air with fans at each end of the 
horizontaX pipe . 
4. indication or recording oS^transmission 

a. percent transmission of the. light betv/cen 
source apd photocell is relayed I to micro- 
ainmeter 

b. ^yiitcm calibrated to road Ringelmann or 

0-1007. opacity. Calibrated in 5% opacity 

St/'1)S... 

c. ud;ilus tments - ■ " 
1) V^cro reading photocell reading with 

l[ • ' both >the v.'hitG and bl.io-k plumes 

^ generating systems tvirncd off 
• ' |> 7) No. 5 Ringelmann or- iQU7„ opacl ty~ photo-| 

cell reading with bulb in tranjw.issoiueter 
^ystoni (-urned off. 
nr. Other suioljc gen<iratinE cfl(|uipnicnt • . 
yA. Los Angc-.V-'-^ " ~ ' • 
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1, Blar.k smoke 

^ — I 
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LESSON OUTLINE 15. 



a. ||[atomizing--l:ype fuel oil^l^urner ^ 

b. larger combustion chamncr 

' . I 

c» coollug chamber'^ prcvontiv scconc-ary com 

»• 

bastion 



Aids & Cues' 




d,' forced draft f an helps to' prevbnt dlstor*,. 
tlon of plume by wind tes^ the smoke exits from 
the ^tack 
2. White plumes , / 

a, vfporizatl^on of distillate oil is caused by 

heat from an adjacent' c;ombu8t;i^n chamber 
Opacity and density detection system 
a. similat to Mark II 
Any available inf<>r>ination on other smoke generators 
III* Explain* how the training and testing thp student 

inspectors will be conducted durtjig the field portion of 
thia course. 

A, ^Training plumes are prodiicod by a smoke generator and 
officially meiasured by a tranemissomdter in the stack 
B« Runs of 25 shades of black ana 25 shades of white 
plumes are used ; 

Trailing begins V7ith familiarization runs of black 
shaxles and of yhite shades • 
l^adln^s are^made at sound^of the horn 

1. Smoke passing photocell when horn sounds will , 
jreach t6p of stack at s/ime time as cj^tudent shifts 
Axis view \to top of stack in responjse to the horn 

2. Generajti^r o|s^Crator will attempt to keep smoke 
outp/t stendy for a fev; seconds after sounding 
the horn 

a» wind gusts may causo vav^^0^,oxi in smoke 
density at^toi.> of Gtack • 
Student records his observations. ^ 

Si 



I 



LESSON OUTLINE 15 



"if. ' For tcQCiur,, vuuz of 25 blnck and 25 vUitc, shades arc 



) 



■Aids 6. CucjSv 



I 



.1. .St:udo.nt must a^t a saV,i«f ru' Cory score on a slnzlc 

. run hi 50-shndPs Uo qualify. 1 
2. RcqiArcmcntr/ 

a. average deviation on black and white ^moke 
not, more than 7.5% in each category; 

b. no reading ot the 50 may vary from^the 
actual v«»Lue of one Ringeliiiann or more or >| 
by 20% opacity or more — this is generally 
more stringent of tjie two requirements 

<J. Runs are repeated during the remainder of the field 

testing portion . 
H. Training and testing may j?e conducted under various 
conditions • 
1, Diflercnt times of day 

a. LesCing at night may be included if inspector 
will be required to make nighf observations ^ 
' 2. Differerft atmospheric conditions 
a* varying cloud coVer 
bp* varying wind speeds / • 

Co varying sun angles 
Ip Simuiatod field readiiigs may.be used during. Lhe 



testing period • 



IV* vSummary 

You will be observing shades, of black smoke and shades of 
white aerosol dropleJs from number two fuel oil both producejlr- 
by our generating equipment. In the^ test portion you will/ 
read and r^ord your observation of 25 shades of white plujies 
In percent opacity to the nearest 5% and 25 shades of black 
plumes (in Ringelmann number to the nearest 1/4) or (in ^opacity 
to the nearest 5%)- (Use the one appropriate for your agency..) 
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LESSON OUTLINE 



Aids & Cues 
i4 ■ t — 



' There will be a long familiarization session before the 

testing begins and short familiarization sessions in between 

> 

tesl;ing runs'. By training your eye on these familiarization 
runs and by profiting from your mistakes during the early 
^t^t rups you should be able to become proficient at glancing 
at the plume for a second and silently noting its opacity 
within the required limit of accuracy. 
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ENVIRONMENTAL PROTECTION AGEN_Cy 
VISIBLE EMISSIO'N TRAINING FORfvy 



1^ Name of Obslerver 
2. AffMiation 
3» Date.. \ 



Time 



4. Wind Speed 

5. Observers position 

6y Corrected By : 



Direction 



Sky CondKion 



/ 



LC 



RUN NO. 


"5 
cc 


Observer < 
Reading ; 


Transmissometer 
Reading 


-i- Deviation . 


— Deviation 


RUN NO. 








Reading No. 


Observer 
Reading 


Transmissometer 
Reading 


+ Deviation 


—Deviation 


Reading No. 


Observer 
Reading 


•4*-' 

rr <^ 

^ od 
c ^ 
<^ 


C 

o 

1 

+ 


V 


Reading No." 


Observer 
Reading 


Transmjssometer 
Reading 


+ Deviation 


c 
■♦-> 

<u 
Q 
1 
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14. 










1 










13 










2 














2 


1— 








14 










3 










15 










3 










15 










4 










16 










4 










16 










5 










17 










5 










17 










' 6 










18 










A 
7 










18 










7 










19 


















19 










8 










2U 








If*' 


8 










20 




< 






9 










21 










\9 










21 










10 
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9. Number of Pius Deviations * g 

10. Number of Minus Deviations ) ' 

I . N * q 
'11 ftwar^ipi, Pi.K nauiAtinns = Ju'fTi of Plus Deviations ^ 

^ No. of Plus Deviations 10 
17 /iwArapfl MiniK^fiviations : ^um of Mittus Deviations , 

Mn nf MiniK: Dftv^tions 11 






II 




' I 


^ » 






13. -Average Deviation 


(Sum of Plus beviatjons) + (Sum of Minus 


Deviations) 

J^.^) ■ "13 






total No. of Readings 






14. Number oi Keaaings mo uevianun am uvoi \or i nmaumiami 

. /■■ ' ' 14 







U9 




.... •\ . \ • ■ • 

1. Which analysis, would ^^ou need to find out h(5w much ash is in 
a coal I proximate or ultimate? <^ « 

I ^ •■ 

2, Are kerosine, and fuel oil for home furnaces classified 
as distillate or residual? • 



3, What are the "3 T's" of combustion? 



ERJC 



4. Wha* other element is needed besidfes the "3 T>"? 



5. In five words or less for each "T" give an example of the practical 
application of each "TV In the burning df fuel In either a furnace, 
kerosine laiu)^ or other combustion device. 




\ 
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^ . QUIZ II * , ^, 

I " E>:nrclsa in Recoj j jdinr: for Q uallf Icatidn * 



Nmmber 

lU-1 ■ 
10-2 



10-3 
10~A 



10-5 
10-6 * 

10-7 

r 

10-8 
10-9 
10-10 
*10-11 



Topic 



Smoke School Training Form 

♦ t ' 

Steam electric plant 
St. Louis, Miasduri' (coal-fired) 

Steam*" electric power' plant 
Columbus, Ohio tcoal-firel) 

Pathological incinerator 
New Orleans, Louisiana 

Feed plant, Sharonville, Ohio 

Industrial boiler at a 
C igarette manufacturer 
Dirham, .North Carolina (coal- fired) 

Fertilizer manufact^are 
Columbus, Ohio 

I Portland ce'tnent plant 
^ Fajtbocn, Ohio 

Aluminum reduction plant^ '^'^^ 
Gnalmette, Louisiana 

Sulfuric a<:id manufacture 
Columbus, Ohio * 

university power plant ^• 
• Columl^s, Ohio (coal fired )^ 



c omment 



35% 

•85% ^ ^ ■ 

50% • ; 

K 

75% ■ 

45% , ■ ' 

Read at end of water 
portion of plume j 25% ' / 

Road at top of stack I 
. 50% 

Read at point v^herc 
water evaporated , 80%j 

Read at top of tall jfetack 
10% 

Equivalent opacity/ of 
wet pltme read, at/top of 
nearer f^tack 100% 
read at point v;li/t)rc water 
evaporates 0% 



* Student' should be abln to identify each source^ type. Other slides 
may be substituted at the discretion of the instructor. 

¥ Npte: The8e,.^re the same slides as those used in Lesson Plan 10 
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QUIZ III 



I. Why Willi a temperature inversion frequently form on cloudless nights? 



2. Will cool or warm air hold more water vapor? 



3. Draw a weather system with the following parts in approximately 
Iproper orientation to eaqh other: 

* a) low pressure area . ^ 

b) cold front 

c) warm front - 

d) high pressure area : ^ ■ ' 



i 




4. Show the correct meteorological symbols for A through p in ^uestiqn 3* 

. • ■ \ 

. ■ * \ 

5. Use arrows to show the correct wind flbW direction arou|id the low 
and. high pressure areas. > I .J 

- ( 

^ r 

* ' ' • t ; 
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TtinJiictor* Questions should.be ^elected to reflect only that materiaf covered by your course 
aiWtr(^ctor. questions sn ^ the' auestWa should be revised , to coincide with local or 
Ipreaenthtlon. Whenever necessary*^ the quescaojjs snoux« 

state regulations.'^ - 

Visible Emis^s Exam 

• Fi^l in the foUoUog for the /ime you are taking this tesb or for the 
/last time you were ouQpide: 



Name 



Time 



Date 



\^ind Speedy 



RIC . 



WiiTfd Direction__ 
Sky Condi tton_ 




^ ' ' True or False p 

Place a T or F "to the left of the question number. 

1. Smoke is a visible effluent uesulting from incomplete combustio\ 

2. All air pollutants are visible. 

3. Solid or liquid particulates in the air cad affect safe operation of ^ ; 
airclfaft and automobiles, ' " ' 

\ ■ ' ' ■ 

4. Dust settles faster than smoke. 

■ 5. A white pljame of 60 percent opacity is equivaU«it to Ringelmann No. 2. 

6. -Fluoride dust is a product of poor combustion. ^ ^ . . 

7. Black smoke can indicate that fuel is being wasted/ 

8. Distillate fuel oils are limited to less than 1 percent sulfur and 
1 percent ash content, 

9. The particulates coming from efficient" combustion are chiefly ash. . 

10. Sulfuric acid ftiist is invisible. 

11 A forced draft is ereated^by pulling air out of the system with a fan. 

12. Secondary air jets in a furnac^ tend t© reduce emission of ^)articulate8 . 

13. Most^tepee burners can be classified as multiple- chamber incinerators. 

14. %here is a higher percentage of hydrogen tn natural gas than in oi\. 

15. Blue smoke indicates 'that an automobile engine needs repair. 

16. Jet engines usuaiaAr entlt excessive visible smoke only on takeo^ff. and landing. 



Jet 

17. l^^e power plants .usually burn coal with low ash content. 
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18» The 8mok$ reading proficiency test requires the inspector to observe* 

50 shades of tilacU smoke and read each s^ade with no devtation? greater 
than 25: |brcfent. 



19. Readings should ie- made at appro3timately right angles to the wind direction. 

f • / - -:| — ' 

White plumes shtAild be read againA a contrasting bacfegrOunct^such as ■, 

tree, leaves, when practicable, ^ / ^ ^ 

21... An inspector should wear dark glasses to avoid glare whenever he makes 
readings.while looking toward .the sun. j^:.-^- 

22. »T6 make a legally valid obsetvation, a^ observer must have a Ringelmaim 
Chart to compare with the smoke shade. , 

23. The lapse rate refers to the difference of temperature with height. ^ 

24. The effective stack height is the distance from the j^round to the top 
of the plume after the plume becomes horizontal. 

25. When both are' saturated^ cool air c^n contain more /water vapor than watm air^ 

26. Pure water plume% tend to be denser on hot days. 

27. A pure water plume is wispy and disappears rapidAy. 

28. The Rlnjgelmann and the equivalent opacity regul^iations are Examples of . 
common law, not statute law, 

29. In courts volunteer any information related to the topic or question, 

*3Q. Always m^et a plant operator before having t^l^hone conversations ' 
with him. ^ J . 

31, . The white plume from the emission generator is primarily water' vapor, ^ 

32, Wind direction is defined as the d;Lrection toward which the wind lis 
blowing, V ,^ T 

. ■ ■ ■ • / .-^ 

Choose the correct item or items frOm the following statehients and place the 
letter or letters to the left of the question number, ^ 



.33, The principal cauae 'of the blackness of a/smokia- pJLume is (a) fly ash, 

(b) . water vapor, (c) sootj, or (d) gases. ' ( . 

34» Fum^i^onsist of (a) carboA, (b) condensed , metal vapcirs> (c) soo^, oi 

(d) / liquid particles. ^ ' 

35, A' visible pollutant gas is (a)- nitrogen dioxide, (b) c£|rbon monoxide^ 

(c) sulfur diojcida, or (d) nitric oxide, 



36. The component 'of fuel that does not burn Is (a) \ carbon, (b^ sulfur, 
(c) hydrogen, or (d) ash. \ 

37. Incinerator smoking may be, reduced by (a) keeping the charging opening 

. practically blocked by w^iste, Xb) mijiing slow bumping mateiJlal with flash 
burning- mp.terial, (c).' dumping wet garbage the combustion 

chamber. 

38. Blue smoke from an automobile is caused, b:^^ (a) excessive fuel pump 
pressure, (b) oil entering combustion chamber, (c) clogged air 
cleaner, (d) faulty spark plugs . . ^ 

39. Clues t;o the origin of ^emissions come from (a) color* and odor of plume, 
(b) files of permits for construction and operation, 

Co) shape of building, (d) surroundings of source. 
40* To determine if white plumes have particulates' as well as water, the 

i inspector should (a) read the plume at its densest point, (b) observe 

the plume where water vapor has evaporated, (c) read the area betrween 
the, top of . the stack and t]he plume when the plume is a ''detached plume." 

^-^^T'^T^^ of a plume is influenced by (a) wind speed, (b) tempera- 

ture lapse'radb^ (c). dew point, (d) depth of sl(ow on the ground, 

# ■ ■ 

(6) visibility. 



Answer each of the following questions as directed by placing the answer 
to the left of the number. 

♦ 

42. Designate (by C for combustion and P for process) whlc^ of the following 
pl^es yoii would expect to have originated from combustion of raaterj-al 
copitaining qarbon and which from the exhaust from an industrial 
^ process: 

(a) Black Iplume from a tali stack \^ 



(b) Brown plumq. from the end of a long rotating cylinder 
j- (c) White plume from te tall otack at a fertilizer plant 

(d) Plume from a piece of equipment that looks like an Indian 
wigwam with a cap on it 

(e) White plume from a very thin, tall stack 

(f) Black plume from the top of a tall tower near an oil refinery 

(g) Reddish plumes^ from several tall 8i:acks on a' long building 

(h) White plume from a tall stack, accompanied by a strong odor 

(1) White plume from a tall, tapered stack on a large, box'-like 
^ building; plume generally seen only in cold weather. 

43, If the emission generator had only the following equipment operating: 

^. ■ » 

(a) Combustion' chfifinber " 

s ^ (b) Auxiliary blower - 

(c) Transmissometer 

(d) Recorder 

^ would it produce and measure white or black smoke? 

44, Are the ^following conditions typical of a high- or low-pressure area? 
Write H or 

(a) Winds blowing in a clockwise direction around the center 

(b) Lo^ relative humidity - 

(i) Few filouds, sunny skies^ 

(d) Low wind speeds 

(e) Inversion development likely, . ^ 

45,, If in December you saw^ weather map with the following 'Symbols located 
around your city, (l) jNorfh , ^ 




how would you answer the following questions about your smoke-plume 
observing activities for the day .of the map?, (Answer each question to 
the left of the quei^tion number.) . 
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(a) Are the clouda gblng to decrease? ^ ^ 

(b) Is the wind going to be more from the south or from the ij^rth? 
• (c) Are the chances of rain going to increase or decrease? 

9 

(d) 'If the cloud cover disappear^, will thei;^ probably be an inversion 

• that night? \ ; * 

(ip) Had one better wear a coat or jacket? 

(f) If rain occurred when the front passed, do you expect better 

visibility today Chan before the rain? 
List rhe letters of the following devices or techniques that can 
be uned for making eye measurements of emissions: 
(d) Umbrascope ^ 

(b) Smoke tintometer fll^, 

(c) lidar . ( 



0 



(d) ' Sight reading 
(e>-^Stack sampliag 

(f) Smokescope ^ 
. State which of the jfour recfuirements for good combustion-^ time, temperature 
turbulence, suiiU Lcut oxygen— is improved by the following: 

(a) Heating the chimney of a ketosene lamp ^ 

(b) Building a higher chiirney by putting a tin cannon the^top of 
the kerosene lamp chimney 

(c) Raising the kerosene lanj/ chimney abov-e^ it^ base v 

(d) Using the tuyere (pronounced tweer) on the kero86ne l^nip 



(e) Placing the chimney over the ketosene lam£ flame 



no fla 

(f) Putting baffles in the, combustion' chamber ^ 



(g) Using reflractory brick in a ^combustion chamber 

(h) Building a larger combustion chamber ^ 

(1) Introducing Jets of steam into the flame at the top yf a flare tower 




0 \ " . 

^ (j) Heating the air before it enters the furnace 
, ■ (k) Injecting overfire air above a fuel bed J 

(1) Reducing the amount of fuel injected into a dieael eigine cylinder 

48. Some 'requirements, for a good air pollution law are 

(a) It must have the, authority to reduce contam^ination 

(b) It must be enforceable 

A ■ 

(c) It must be reasonable ^ . ^^ 

(d) It must be clear and precise 

(e) It must require proof that the owner of a stack had criminal 
irftenC in violating the ordinance. 

49. A proximate analysis of coal gives the percentage by weight of 
* <a) Nitrogen ' (f) Volatile matter 

(b) Fixed carbon (g) Pieceg whi-ch will pass through 

(c) Ash a 3/4" screen . 

(d) Hydrogen , (h) Distillate fractij 

(e) * Moisture content (i) Sulfur oxides 

50. State the elements of your city's. State's, or county's visible 
emission code or » for a typical city: 

(a) Ringelmanif Number ^ not to be exceeded for longer than 
minutes in any period of > minutes. 



(b) Exception for incinerators? Yes _^ No 

(c) Exception for startup or building a fire? J%8- 
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Answers to Visible Emissions Examination 

Name, Date, Wind Speed, Wind Direction, Sky Condition, and Time 
arc» to be filled out by student using the propei; tevminology or symbols. 
Entri^ do not ha#c to be checked. 



1. T 

2. F 

3. T 



6. F 

7. T 

8. T 

9; T 



22. F 

23. T 



True or False 



A, T Dust particles are larger and heavier than smoke pa^;yj^cles, 
5. F 



10. F ^ 

11. F 

12. T 

13. F 



14. T 

15. T So does bJack smoke . 

16. T 

II. F Typical coals used in .large plants range from 8 to 20% ash. 

18. F 25 shades of white, 25 shades of black; no deviation greater than 15% 

19. T • — 

20. T , ♦ 

21. F Inspector should not make readinfts while looking in the direction of the 

sun. He should not wear dark glasses while making field observations^ 
unless he- wore them during his certification test. 

- ' «i 

24. F It is the dist^ince to the center of the plume. 

25. F . 

26. F Water vapor will evaporate more quickly on hot days, 

27. T . • 

28. F ,• 1^ 



29. F 

30. T An 



inspector should have met a person and be able to identify his 
voice before talking to him on the telephone. This identification 
would be necessary if the Inspector should have to testify concerning 
a telephone conyersation. > , 

31. » F It is condensed vapor from #2, fuel oil ^ 

32. F Wind diracftion is the direction from which the wind blows 

» . 

Complete the Statement 

33. . c ' ' • 

34. b V , 

35. a . . \ 

36. d . 

37. a and b 

38. b The other answers 'would cauae bl^ck smoke 
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39. a, b, c, d 

40, b and c 



41. a and b v ' » . • 

Other Questions 

42. '(a) C ej/lple, coal-burning heating plant 
• (b) P dust from a rotary drier 

(c) P plume from drying operations 

(d) C tepee burner used for incineratl<jn 

(e) P example, sulfuric or phosphoric acid plant 

(f) P or C flare tower 

(g) P open hearth steel furnaces' \ ■ 

(h) P kraft pulp mill, rendering plant, or brewery 
(1) C , natural' gas- fired boiler u«ed for heating 

43. black ^ 
44^. . high pressure area 

(a) yes , 

(b) north . • 

(c) decrease ' 

(d) yes, if the skies clear 
C®) yes I • ' 

(f) yes, theirain cleanses the air and the stronger winds behind th 
cold front give better dilution ^ 

46. a, b, d, f , . 

47 •. (a) temperature 

(b) oxygen ^ 

(c) oxygen; however it may cool the fire 

(d) turbulence 

(e) time, turbulence, and temperature 

(f) time and turbulence 

(g) temperature , 

(h) time; however it may cool the fire if chamber is too large 
< ; (1) turbulence and oxygen 

, ( j) temperature 

(k) oxygen 

(1) oxygen; the fuel to air ratio is reduced 

^ ' ■■ •• 

48., a, b, c, d j 

49. b, c, e, f . , , . ^ 

50t To be filled out in accordance with local regulations. 
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Generator 



Dayton Electric Co. 2000 watt 



Furnace r 
Bi'ower - 

Hydraulic Cylinder - 
^mokestack - 
Trailer - 

Hitch - 

Fuel Tanks - V 
'■'uuX Putnpf^ - 
Fuels - 

Trailer Running lights - 
Fuel Control Valve ^ 
Flue MTluent Velocity - 
Flue DiamoL-^r - 
v^eight - 

Height - ' ' ^ 

Transmissometer Readout 

Photocell ^ I 
Bulb - n 
ExhaustXPans ^ 



V 



14 gi. steel lined with 
GR-%pOO insulating brick 

Dayton Electric Co. 

#7C 554 . - 

, 1*^ piston, 36" reach 

14 ga. ; 12" diameter 

Neptune Trailer - 1000 lb 
capacity 

requires 1-7/8" ball 
6 gal.; Outboafd Marine 
AC Type EP-l 12 volt DC 

/ 

\\1 Fuel Oil (White, smoke) 
Industrial Grade 

Toluene 

12 volts % • 
Whitey #6r F2-A 
i200.ft/Tnin 

12 Inches ; 

90O lb, ' , 

Travel Configuration: 7 ft. 
Erect Configuration: 15-1/2 ft. 

0-200 microamp DC Triplett Model 
320-M or, 0-10 millivolt Recorder 
Yciser Model 28 , 

International Rectifies 15 N . . 

PR- 16 

Dayton Electric Co. 2C 782 
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STUDENT COURSE CRITIQUE 



J 



I. For e«ch itatement circle the one 



response that is the closest to ydur opinion. 



1. The course objectives were; ^ 

1 . clMfly stated or written / 

2. sttted or written; but not all of them were clear to me 

3. stated or written; but wiSboi them were not cleir to me 

4. neither stated or written c/ 

2. The finune content was geared to a level that was geneNly: 

1. appropriate for my background 

2. too'elementary / . ' » 

3. too difficult 

4. Inappropriate for my bacfcground 

3. I think the orqanizafcon of the course material was: 
1. completely cleaiiind useful; excellent 

2 for the most pan, clear and useful; good 

3*. some topics vJTre organized In a clear and useful manner, while others were not; fair 
4. there was litfle apparant organization in this course; poor 

% ■. ^ , • ■ I 

4. After reading the course manual . I think it is: 

1 . both a well written and useful document 

2. a fairly well written document, but nevertheless useful 

* 3. a pborly written dopument that is of limited utility 

4. neither a well written nor useful document 

5. there is no course manaal , 



5. The tlmirequired to complelo the homnwork assignments was: 

1. reasonable « 

2. unreasonable 

3. wasted;, these assignments wire "busy work" 

4. r.ihar — . — 



I 



m 



\ 



/i 



I 
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6, The amount of time allotted for this'c^rse was: 
1. sufficient 
too long 

3. too short 

4. this course should last number of days 



7. tOveralL I think this course was? 
?\, excellent 

2. gSod .^^^—^1 

3. fair 

4. poor 



Given the objectives of the course and the skills required for a meaningful understanding of the material, 

I would: , . 

1. recommend this course tp a friend without reservation 

2. recommend this course with some possible changes 

3. not recommend this course unless there were definite improv^ents ^ 

4. not recomnend this course under any circumstances 



9, For future courses, there should be: > 

1. no sulDStantive chpnges 

2. more practical application of the course material 

3. more theory presented as a bask for the material taught 

♦4. more of a "balance'provided between theory and practical application 

10. How did ypu hear about thii course? - / 
1. employer . \ 

* 2. friend ' ^ ' 

3. schedule . y 

' 4. gonference ^ 

5. other ' — 
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.11. Pl/i 



droit th© one number that representi the extent of youf agreement 
with each of tho following statements. READ EACH ITEM CAREFULLY. 



11. The course content was useful for my prQf9??l9nfll flrowth^ 

12. The q9Mr?e content was Wnat I had a2ifiSia8Sl- | 

13. The ffour^e content was too comptex. 

14. The course content was too ^Impla. 

15. The coiirse content wa s to date. 



5. 

5. ' 
5, 
5. 
5. 



I 



ui 

UJ 

UJ 2 



4. 
4. 
4. 
4. 
4. 



3. 
3. 
3. 
3. 
3. 



mj III 

z g 
oS 

. 2. 
/ 2. 
2. 
2. 
2. 



1. 
1. 
1. 
1. 
1. 



16. During the course I felt phallenqgd to learn. 
17i. Xaenerally, the course materials were presented In an Interesting manner. 
18. The course content was well coordinated among the instructors. 
.19. The Instructors were well prepared for most class sessions. 

20. The Instructors were quite knowledgeable about their subject areas. 

21. Generally, I understood what I was expected to learn In this course. 

22. Throughout the course I received sufficient Information on anything 
I did not understand. 

23. The questions raised during the lectures were usually answered to my 
satisfaction. 

24. My background was adequate for success in this course. 

25. The teaching methods used in this course were effective fa r my learning. 



5. 
5. 
5. 
5. 
5. 



4. 
4. 
4. 
4. 
4. 



3. 
3. 
3. 
3. 
3. 



2. 1. 
2. 1. 
2. 1. 
2. 

2. 



I ' 1. 



5. 

5. 

5. 
5. 

5. 



4. 
4. 



3. 
3. 



2. 
2. 



1. 
1. 



4. 3. 
4. 3. 
4. 3. 



2. 1. 
2. 1. 
2. 1. 



26. This course contained a sufficient amount of practice exercises. 

27. The course assignments were useful f or my learning. 

28. The production quality of the audio-visual materials was technically 
adequate. 

29. The .audio-visual materials aided my understanding of the topics 
presented. 

3C(. The final exam accurately represented the materlaKcovered in this course. 5. 4. 3. 2. 1. 



5. 4. 3. 2. 1. 

5. 4. 3. 2. 1. 

5. 4. 3. 2. 1. , 

5, 4. 3. 2. 1. 



31. Overall, I was pleased with this course. / 5 4^. _,3.-.__2,. J- 

32. I think my technical skills a nd/or knowledge Klave been strengthened as 

a result of this course. " . 5. 4. 3. '2. 1. 

33. I think I will bo able to use what I have learned f rom this course in 

" B. 4. 3.\ 2. 1. 



my current position. 



I consider the most needed improJ'ement in this course to be: 



The "best" pert pf this course was: 
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o 
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III. Please circle the one number that represents the extent of your agreement 
with each of the following statements. REAt EACH ITEMvCAREFULLY. 



34. 

35, 
36. 

37. 
38. 
39. 
40. 
41. 



LABORATORY CRITIQUE 

• ■ i ' ■ .: ■ 

The lab proc|dur^s were clearly explained. 

Assistance ms available to me during the laboratory sessions. 

The lab sessions were^well organized. 

The content of the lab was an essential part of this course. 

The laliy assignm ents were of a reasonable lentjth. , 

The time allotted for the laboratory sessions was sufficient. 

The laboratoi-y instructors were helpful. 

The laboratory had an adequate amount tff equipment. 

I consiriar the most needed improvement of the laboratory sessions to be: 



2 Ui 



6. 
5. 

5. 
5. 
5. 
5. 

5. 
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2. 
2. 
2. 
2. 
2, 
2. 
2. 
2. 



Z 

o 

i 
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1. 
1. 
1. 
1. 
1. 
1.' 
1. 
1. 
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The **best of the laboratory sessions was: 



I 



r 

1 



IV. ADDITIONAL COMMENTS 



4^ 



/ 



A, 



J_L_A. 



1. Equivalent to 20 percent black. 



2. hquivalenl to 40 [)er('ent hUjck. 



3. (-(imv-alent lo BOporcont black. 




4, Equivalent to 80 jiercent black. 



RINGELMANN'S SCALE F(5r GRADING THE DENSITY OR SMOKk 
'(see page 46 for availability ^of charts) 
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